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(54) Developing device having toner agitation member and cleaning member cleaning light 
transmission 



(57) A developing unit (50) having a toner container 
(51) in which a toner agitator (53) and a cleaning mem- 
ber (54) is provided. The toner agitator (53) agitates the 
toner in the toner container (51) and transport the toner 
Into a developing chamber (57). The toner container 
(51) has a pair of light transmission windows (56a, 56b) 
through which light passes. If no toner exists between 
the light transmission windows (56a.56b), the light 
passes through to provide a signal indicative of 
exchange of the developing device unit (50). If toner 
exists therebetween, light cannot pass through two win- 
dows. The cleaning member (54) wipes off the toner 
from the surface of the windows. 

A blade shaped light blockir^ member (80) is pro- 
vided between the support member (53a) of the agitator 

(53) and the support member (54a) of the cleaning 
member (54). The light blocking member (80) is formed 
from resin. The light blocking member (80) is formed 
integrally with the agitator (53), the cleaning member 

(54) . and the rotational shaft (55) so as to rotate around 
the axial center of the rotational shaft (55) with rotation 
of the rotational shaft (55). 
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Description 

[0001 J The present invention relates to a develop- 
ing device, a process cartridge including the developing 
device, and an image forming device Including the 5 
developing device. 

[0002] Conventional image forming devices include 
a toner holding chamber or a toner container in which 
toners are contained and a developing chamber where 
a developing roller is provided. An opening is formed at io 
a boundary between the toner holding chamber and the 
developing chamber, so that the toners are transferred 
through the opening Into the developing chamber. The 
conventional image forming devices are configured to 
detect the remaining amount of toner in a developing is 
unit, and once the remaining eunount has reached a pre- 
determined value of less, urge the user to replenish the 
toner. There are many different ways to detect the 
amount of remaining toner. In one exemplary method, 
light transmission windows are provided in the toner 20 
holding chamber of a development unit A light emitting 
element and a light receiving element are provided, one 
in confrontation with each of the light transmission win- 
dows. The amount of remaining toner in the toner hold- 
ing chamber is detected by emitting light from the light 25 
emitting element so that the light passes through both 
the light transmission windows. The amount of remain- 
ing toner will correspond to the amount of light received 
by the light receiving element 

[0003] However, with this method, it becomes 30 
impossible to accurately detect the amount of remaining 
toner when toner clings to the light transmission win- 
dows. Therefore, a cleaning member for cleaning the 
light transmission window is provided in the toner hold- 
ing chamber. The cleaning member is configured to 35 
slide across and clean the light transmission window 
while rotating integrally with a toner agitation/transfer 
member. The toner agitation/transfer member is pro- 
vided in the toner holding chamber, in order to agitate 
and transport the toner In the toner holding chamber. 40 
[0004] The devices disclosed in Japanese Patent- 
Application Publication (Kbkai) No. HEI-7-56431 or Jap- 
anese Patent-Application Publication (Kokal) No. HEI-9- 
34238 measure the time from when the cleaning mem- 
ber cleans the light transmission window to when the 4s 
light path Is blocked by toner that falls from the toner agi- 
tation/transfer member. However, as described in Japa- 
nese Patent-Application Publication (Kokal) No. HEI-7- 
56431, the fluidity of toner changes with changes in 
environmental conditions and with the length of use. so 
Consequentaly. the toner falls from the toner agita- 
tion/transfer member at various timings, depending on 
the fluidity of the toner, so that it Is impossible to stably 
detect the remaining amount of toner. 
[0005] The length of time from when the light trans- ss 
mislson windows are wiped until the light transmission 
windows are covered by toner depends on the amount 
of toner that drops from the agitator (after the agitator 



passes by the opening), and on the anrount of the toner 
that billows up into a cloud-like condition in the cham- 
ber. However, these amounts will change with changes 
in the fluidity of the toner. Therefore, the amount of 
remaining toner can only be detected with extreme 
instability and inaccuracy 

[0006] Also, conventional image forming devices 
have a problem in that the toner is not always evenly dis- 
tributed through the toner chamber. For example, when 
a laser beam printer is transported or when a develop- 
ing cartridge is taken out and Inserted into the laser 
beam printer for replacement, the toner tends to collect 
in one end of the toner chamber, so that it is impossible 
to accurately detect the remaining amount of the 
remaining toner. Also, when the opening from the toner 
chamber into the developing chamber is narrower than 
the developing chamber Itself, or when narrow width 
sheets, such as envelops or postcards, are consecu- 
tively printed in large numbers, then toner is consumed 
unevenly from the toner chamber. The toner will be dis- 
tributed unevely In the toner chamber as a result. For 
this reason, it is difficult to properly detect how much 
toner remains in the toner chamber. 
[0007] When a sheet-shaped member is provided 
to rotate in the toner chamber to agitate the toner, the 
ends of the sheet-shaped member can slidlngly contact 
against the light transmission windows provided at both 
end walls of the toner chamber. In such a situation, the 
sheet shaped member damages the surfiace of the light 
transmission windows so that detection of remaining 
amount of toner cannot be properly performed. 
[0008] To prevent damage to the light transmission 
windows, the sheet shape member can be formed 
shorter than the length of the toner chamber, so that the 
ends of the sheet shaped member are separated from 
the walls of the toner chamber. However, with this con- 
figuration, toner can accumulate in the space between 
the side walls of the toner chamber and the ends of the 
sheet shaped member, so that it is impossible to prevent 
uneven distribution of toner in certain areas of the toner 
chamber. 

[0009] Some image forming device include a screw 
member to agitate the toner in the toner chamber. The 
screw member positively transports toner in the toner 
chamber along the lengthwise direction of the toner 
chamber. With this configuration, It is difficult to uni- 
formly distribute the toner on both upstream and down- 
stream sides of the transport direction along the screw 
member. As a result deviation in the toner accumula- 
tion may occur. 

[0010] In another aspect, when using the develop- 
ing system that uses non-magnetic single-conrponent 
toner, the toner must be scraped between a layer thick- 
ness regulating member and the developing roller in 
order to uniformly charge the toner. In conventional 
devices, the layer thickness regulating blade is usually 
made from stainless steel and the like In order to reduce 
production costs. There the layer thickness regulating 
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blade abuts against the developing roller, the layer thick- 
ness regulating blade applies a large pressure onto 
external additive of the toner. This can force the external 
additive to become embedded into the base particle of 
the toner, thereby reducing the fluidity of the toner. 
When such toner with reduced fluidity is returned from 
the developing chamber to the toner holding chamber 
with circulation of toner between toner developing 
chamber and the toner holding chamber, the time 
required after the toner with reduced fluidity is agitated 
by the agitator until the toner settles on the floor of the 
toner holding chamber may fluctuate depending on how 
long the toner has been used. This makes it difficult to 
stably detect the amount of remaining toner. Then the 
amount of the toner with reduced fluidity in the toner 
holding chamber Increases, the toner can become une- 
venly distributed in the toner holding chamber so that 
reliable and accurate remaining toner detection cannot 
be performed, 

[0011] In still another aspect, the conventional 
image forming devices need to reliably agitate toner 
throughout the entire toner holding chamber by provi- 
sion of a toner agitation/transfer member. The toner agi- 
tation/transfer member is disposed to slide against the 
inner f toor surface of the toner holding chamber, with its 
tip in a bent condition. Also, the toner agitation/transfer 
member is formed to a width sufficient to substentially 
contact both walls at lengtfTwise ends of the toner cham- 
ber. 

[0012] However, when the agitation/transfer mem- 
ber contacts both side surfaces of the toner holding 
chamber while rotating, the light transmission windows 
will be scraped off by the agitationAransfer member. In 
addition to being cleaned off by the cleaming member. 
Accordingly, the agitation/transfer member removes 
toner from the light transmission windows at a timing 
that matches the rotation cycle of the agitation/transfer 
member, so that light will sometimes, depending on the 
amount of friction, pass through the light transmission 
windows at this unwanted timing. Because light passes 
through the light transmission windows In an unstable 
manner, improper detection of remaining toner may 
occur. 

[0013] Further, in the conventional developing 
devices, components of the toner can be spread in a 
thin film onto the light transmission window. This phe- 
nomenon is referred to as "filming". Filming reduces the 
precision of remaining toner detection because it 
obstructs light from passing through the light transmis- 
sion windows even directly after the cleaning member 
wipes off the light transmission windows. When insuffi- 
cient light passes throught the light transmission win- 
dows, then detection results will appear as though toner 
fills the toner holding chamber, regardless of whether 
any toner is actually positioned between the two light 
transmission windows or not. 

[0014] Further, sometimes in the conventional 
developing devices, the light receiving element gener- 



ates an output signal because a light path is opened 
between the light generating element and the light 
receiving element when the agitation/transfer member 
agitates the toner in the toner holding chamber. Even if 

5 the agitation/transfer member is sufficiently separated 
from the light transmission windows so it does not con- 
tact the light transmission windows, the toner near the 
light transmission windows can be transported with the 
toner agitated by the agitation/transfer member if the f lu- 

10 idity of the toner has changed because the toner has 
been used for a long time, or because of environmental 
conditions such as high temperature and high humidity. 
Therefore, en-oneous output from the light receiving ele- 
ment cannot be completely prevented. For this reason, 

15 sometimes the light receiving element receives a light at 
a timing where it should not normally receive the light. 
As a result, the remaining amount of toner cannot be 
stably detected. 

20 SUMMARY OF THE INVENTION 

[001 5] It is an object of the present invention to pro- 
vide an image forming device, or a developing device 
used in an image forming device, that is capable of sta- 
25 bly detecting remaining amount of toner, regardless of 
the fluidity of the toner. 

[0016] Another object of the present invention is to 
provide such inrtage forming device with light transmis- 
sion windows that are used during detection of remain- 

30 ing amount of toner, and to such developing device 
used in such an image forming device, wherein toner 
can be reliably distributed evenly in the toner holding 
chamber and wherein the remaining amount of toner 
can always be accurately detected. 

35 [001 7] Still another object of the present invention is 
to provide the image forming device, and the developing 
device used in the image forming device, that is capable 
of performing stable detection of remaining toner even 
when non-magnetic single-component toner is used. 

40 [0018] Still another object of the present invention is 
to provide the developing device capable of detecting 
amount of remaining toner with a high degree of preci- 
sion, and capable of properly cleaning off the light trans- 
mission window while maintaining the toner in the toner 

45 holding chamber in a properly agitated condition. 

[001 9] Still another object of the present invention is 
to reliably prevent filming of the toner on the light trans- 
mission window so that the amount of remaining toner 
can be detected with high precision in the developing 

50 device that detects the amount of remaining toner using 
light transmission windows. 

[0020] These and other objects of the present 
invention will be attained by providing a developing 
device including an improved combination of a develop- 
55 ing housing, a developing agent container, a light trans- 
mission window, a cleaning member, and a developing 
agent agitating and transferring member. The develop- 
ing agent container is connected to and positioned 
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beside the developing housing and Is formed with an 
opening in communication with the developing housing. 
The developing agent container has a container wall 
and an Inner surface defining an developing agent accu- 
mulation space. The light transmission window is pro- 5 
vided at the container wall to permit a detection light to 
pass through the light transmission window so as to 
detect an amount of the developing agent in the devel- 
oping agent container. The cleaning member is dis- 
posed In the developing agent container and Is rotatable / 
at a constant angular velocity about a rotation axis in a 
direction to move upward when passing beside the 
opening. The cleaning member is movable to a cleaning 
position in sliding contact with the light transmission 
window for cleaning the light transmission window. The y- 
developing agent accumulation space is divided into an 
imaginary first region and an imaginary second region 
by an imaginary vertical plane passing through the rota- 
tion axis and extending in an axial direction of the rota- 
tion axis. The imaginary first region is in communication 2c 
with the opening, and the imaginary second region is 
positioned opposite the opening with respect to the 
imaginary vertical plane. The developing agent agitating 
and transferring member is disposed in the developing 
agent container for agitating the developing agent in the gs 
developing agent container and transferring the devel- 
oping agent to the developing housing. The developing 
agent agitating and transfen'ing member includes a 
blade movable with respect to the inner surface of the 
developing agent container. The blade is rotatable 30 
about the rotation axis of the cleaning member at a con- 
stant angular velocity equal to the angular velocity of the 
cleaning member. The blade is spaced away from the 
cleaning member In such a manner that the blade is 
positioned in the imaginary second region when the 35 
cleaning member is in the cleaning position. 
[0021] In another aspect of the present invention, 
there is provided a developing device including the 
developing housing, the developing agent container, the 
light transmission window, the cleaning member, and a 40 
developing agent agitating and transferring member. 
The developing agent agitating and transferring mem- 
ber is disposed in the developing agent container for 
agitating the developing agent in the developing agent 
container and transferring the developing agent to the 45 
developing housing. The developing agent agitating and 
transferring member includes a blade movable with 
respect to the inner surfece of the developing agent 
container. The blade is rotatable about the rotation axis 
of the cleaning member at a constant angular velocity so 
equal to the angular velocity of the cleaning member. 
The light transmission window is positioned in the imag- 
inary first region, and the blade is spaced away from the 
cleaning member in such a manner that the blade is 
positioned higher than the light transmission window 55 
when the cleaning member is in the cleaning position. 
[0022] In still another aspect of the invention, there 
is provided a developing device including a developing 



housing, a developing agent container connected to and 
positioned beside the developing housing and formed 
with an opening in communication with the developing 
housing, the developing agent container having a con- 
tainer wall and an inner surface defining an developing 
agent accumulation space, a light transmission window 
provided at the container wall to permit a detection light 
to pass through the light transmission window so as to 
detect an amount of the developing agent in the devel- 
oping agent container, a cleaning member disposed in 
the developing agent container and movable to a clean- 
ing position in sliding contact with the light transmission 
window for cleaning the light transmission window, and 
a developing agent agitating and transfen-ing member 
disposed in the developing agent container for agitating 
the developing agent in the developing agent container 
and transferring the developing agent to the developing 
housing, the developing agent agitating and transferring 
member comprising a blade movable with respect to the 
inner surface of the developing agent container, the 
developing agent container having a width extending in 
a widthwise direction of an image recording sheet, and 
the light transmission window having a window plane 
extending in a direction perpendicular to the widthwise 
direction, the developing agent agitating and transfer- 
ring member being positioned spaced away from the 
light transmission window by a predetermined distance 
in the widthwise direction. 

[0023] In still another aspect of the invention, there 
is provided a developing device including a developing 
housing, a developing agent carrying member disposed 
in the developing housing and having a longitudinal 
length extending in a widthwise direction of an Image 
recording sheet, the developing agent comprising 
polymerized toners produced by polymerization 
method, a developing agent container connected to and 
positioned beside the developing housing and formed 
with an opening in communication with the developing 
housing, the developing agent container having a con- 
tainer wall and an inner surface defining an developing 
agent accumulation space, the opening having a length 
corresponding to the longitudinal length of the develop- 
ing agent can-ying member, and a light transmission 
window provided at the container wall to permit a detec- 
tion light to pass through the light transmission window 
so as to detect an amount of the developing agent in the 
developing agent container, the container wall of the 
developing agent container including confronting side 
walls at widthwise ends in the widthwise direction, the 
light transmission window being disposed at each side 
wall to allow the detection light to pass through the 
respective light transmission windows. 
[0024] In still another aspect of the invention, there 
is provided a developing device including a developing 
housing, a developing agent carrying member disposed 
in the developing housing and having a longitudinal 
length extending in a widthwise direction of an image 
recording sheet, the developing agent comprising 
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polymerized non magnetic single connponent toners 
produced by polymerization method, a developing 
agent container connected to and positioned beside the 
developing housing and formed with an opening in com- 
munication with the developing housing, the developing 
agent container having a container wall and an inner 
surface defining an developing agent accumulation 
space, the opening having a length corresponding to 
the longitudinal length of the developing agent candying 
member, the developing agent carrying member carry- 
ing thereon the developing agent supplied from the 
developing agent container into the developing housing 
through the opening, a light transmission window pro- 
vided at the container wall to permit a detection light to 
pass through the light transmission window so as to 
detect an amount of the developing agent in the devel- 
oping agent container, the container wall of the develop- 
ing agent container Including confronting side walls at 
widthwise ends in the widthwise direction, the light 
transmission window being disposed at each side wall 
to allow the detection light to pass through the respec- 
tive light transmission windows, and a thickness regula- 
tion member disposed in confrontation with the 
developing agent carrying member to regulate a thick- 
ness of a layer of the developing agent formed on the 
developing agent carrying member, the thickness regu- 
lation member having a pressing segment formed of a 
rubber pressing against the developing agent carylng 
member. 

[0025] In still another aspect of the invention, there 
is provided a developing device including a developing 
housing, a developing agent container connected to and 
positioned beside the developing housing and formed 
with an opening in communication with the developing 
housing, the developing agent container having a con- 
tainer wall and an inner surface defining an developing 
agent accumulation space, a light transmission window 
provided at the container wall to permit a detection light 
to pass through the light transmission window so as to 
detect an amount of the developing agent in the devel- 
oping agent container, and a cleaning member dis- 
posed in the developing agent container and movable to 
a cleaning position in sliding contact with the fight trans- 
mission window for cleaning the light transmission win- 
dow, the light transmission window protruding inwardly 
with respect to the container wall toward a center of the 
developing agent accumulation space. 
[0026] In still another aspect of the invention, there 
is provided a developing device including a developing 
housing, a developing agent container connected to and 
positioned beside the developing housing and formed 
with an opening in communication with the developing 
housing, the developing agent container having a con- 
tainer wall and an inner surface defining an developing 
agent accumulation space, the developing toner com- 
prising a non magnetic single component toner, a devel- 
oping agent carrying member disposed In the 
developing housing for canrying thereon the developing 



agent supplied from the developing agent container into 
the developing housing through the opening, a light 
transmission window provided at the container wall to 
permit a detection light to pass through the light trans- 

5 mission window so as to detect an amount of the devel- 
oping agent in the developing agent container, and a 
thickness regulation member disposed in confrontation 
with the developing agent carrying member to regulate 
a thickness of a layer of the developing agent formed on 

10 the developing agent can^ying member, the thickness 
regulation member having a pressing segment formed 
of a rubber pressing against the developing agent carry- 
ing member. 

[0027] In still another aspect of the invention there 

15 is provided a developing device including a developing 
agent container having a container wall and an inner 
surface defining an developing agent accumulation 
space, a light transmission window provided at the con- 
tainer wall to permit a detection light to pass through the 

20 light transmission window so as to detect an amount of 
the developing agent in the developing agent container, 
a cleaning member rotatably provided in the developing 
agent container and performing cleaning to the light 
transmission window at a predetermined cycle, a devel- 

25 oping agent agitating and transferring member rotatably 
provided in the developing agent container for agitating 
the developing agent in the container and transferring 
the developing agent, and a shielding memt>er movably 
disposed in the developing agent container and shield^ 

30 ing the light transmission window for a predetermined 
period in timed relation with the predetermined cycle. 
[0028] In still another aspect of the invention, there 
is provided a process cartridge detachably assembled 
in a cartridge accommodation space of an image 

35 recording device, the cartridge including a latent image 
carrying member, a developing agent carrying ment>er 
positioned in confrontation with the latent image carry- 
ing member, and the developing device as described 
above, the latent image carrying member and the devel- 

40 oping agent carrying member being disposed in the 
developing housing. The developing agent carrying 
member is positioned in confrontation with the latent 
image carrying member. 

[0029] In the process cartridge, the developing 
45 agent container can be detachable from a case of the 
cartridge. In other words, the developing agent con- 
tainer disposing therein the cleaning member and the 
developing agent agitating and transfen-ing member 
and containing therein the developing agent can be one 
50 unit which is separate from the developing agent carry- 
ing member and the latent image carrying member. 
When the developing agent container is assembled to 
the case of the cartridge, the process cartridge results. 
[0030] In still another aspect of the invention, there 
55 is provided an Image recording device including means 
for detecting a residual amount of a developing agent, 
and the developing device described above. The detect- 
ing means detects the residual amount of the develop- 
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ing agent accumulated in the developing agent 
container and including a light emitting element and a 
light receiving element positioned in alignment with the 
light transmission window. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] in the drawings: 

Fig. 1 is a cross-sectional view showing a laser io 
beam printer according to a first emboident of the 
present invention; 

Fig. 2 is a cross-sectional view taken along line 11-11' 
of Fig. 3; 

Rg. 3 is a cross-sectoinal view particularly showing 75 
light emitting and receiving elements of Fig. 2 taken 
along line llla-llla' of Fig. 2. and the developing 
device of Fig. 2 taken along line lllb-lllb' of Rg. 2; 
Fig. 4 is a cross-sectoinal view showing the devel- 
oping device as viewed in Fig. 3, but with an agita- 20 
tor and cleaning member rotated ^80°; 
Fig. 5 is a schematic view showing the edge of a 
wiper in contact with a side wall of the toner holding 
chamber (as indicated in solid line) and in contact 
with a light transmission window (as indicated in 25 
two-dot chain line): 

Rg. 6 is a block diagram schematically showing 
electrical configuration of the laser printer 
accoridng to the first embodiment; 
Fig. 7 is a graph representing changes in voltage 30 
output from a light receiving element, caused by 
rotation of the wiper that wipes toner off the light 
transmission windows; 

Fig. 8 (A) is a cross-sectional view showing opera- 
tion of ttie wiper when different levels of toner 35 
remain in the toner holding chamber; 
Rg. 8 (B) is a schematic view indicating position of 
an agitator in the toner holding chamber when the 
wiper is wiping the light transmission window; 
Fig. 9 is a CTOSS-sectional view showing relative 40 
positions of the wiper and the agitator directly after 
the wiper wipes toner off the tight transmission win- 
dow; 

Rg. 10 (A) is a graphical representation showing 
change in voltage output from the light receiving 45 
element caused by rotation of the wiper when a 
fairly large 90g of toner remain in the toner holding 
chamber; 

Rg. 10 (B) is a cross-sectional view showing level 
of toner in the toner holding chamber when 90g of so 
toner remain in the toner holding chamber; 
Rg. 1 1 (A) is a graphical representation showing 
change in voltage output from the light receiving 
element, caused by rotation of the wiper when 80g 
of toner remain in the toner holding chamber; ss 
Rg. 1 1 (B) is a cross-sectional view showing level 
of toner in the toner holding chamber when 80g of 
toner remain in the toner holding chamb^; 
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Fig. 12 (A) is a graphical representation showing 
change in voltage output from the light receiving 
element, caused by rotation of the wiper when only 
70g of toner remain in the toner holding chamber; 
Fig. 12 (B) is a cross-sectional view showing level 
of toner in the toner holding chamber when 70g of 
toner remain in the toner holding chamber; 
Rg. 1 3 is a table showing results of experiments for 
determining toner fluidity, eveness in toner level, 
filiming, and accuracy of toner empty detection, 
when toner with different types of external additive 
are used during printing; 

Fig. 14 (A) is a graph representing change in volt- 
age output from the light receiving element with 
rotation of the wiper, when the agitator is separated 
from the light transmission windows by 1 mm; 
Rg. 14 (B) is a graph representing change in volt- 
age output from the light receiving element with 
rotation of the wiper, when the agitator is separated 
from the light transmission windows by 2 mm; 
Rg. 14 (C) is a graph representing change in volt- 
age output from the light receiving element with 
rotation of the wiper, when the agitator is separated 
from the light transmission windows by 3 mm; 
Rg. 14 (D) is a graph representing change in volt- 
age output from the light receiving element with 
rotation of the wiper, when the agitator is separated 
from the light transmission windows by 5 mm; 
Rg. 15 is a cross-sectional view showing a laser 
beam printer accoridng to a second emboident of 
the present invention; 

Rg. 16 is a cross-sectional view showing a develop- 
ing device of tiie laser beam printer of Fig. 1 5. taken 
along line XVI-XVr of Fig. 17; 
Rg. 1 7 is a cross-sectoinal view showing light emit- 
ting and receiving elements of Fig. 16 taken along 
line XVIIa-XVIIa' of Fig. 16. and the developing 
device of Fig. 16 taken along line XVIIb-XVilb' of 
Fig. 16; 

Fig. 18 is a graph showing changes in output of a 
light receiving element of tiie laser beam printer of 
Rg. 15. with rotation of a cleaning member; 
Rg. 19 is a cross-sectional view showing the clean- 
ing member rotated into a position for wiping a light 
transmission window according to the second 
embodiment; 

Rg. 20 is a cross-sectional view showing the clean- 
ing member rotated away from the light transmis- 
sion window according to the second embodiment; 
Rg. 21 is a cross-sectional view showing an agita- 
tor rotated to a position adjacent to the light trans- 
mission window according to the second 
embodiment; 

Rg. 22 (A) is a graph representing changes in volt- 
age output from the light receiving element of a 
developing device according to a third embodiment 
of the present invention; 

Fig, 22 (B) is a cross-sectional yievy showing the 
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developing device according to the third embodi- 
ment; 

Fig. 22 (C) is a scheniatic view showing position of 
an agitator when a wiper of the developing device of 
Fig. 22 (B) is wiping a light transmission window; 5 
Fig. 23 (A) is a graph representing changes in volt- 
age output from the light receiving element of a 
developing device according to a fourth embodi- 
ment of the present invention; 

Fig. 23 (B) is a cross-sectional view showing the io 
developing device according to the fourth embodi- 
ment; 

Fig. 23 (C) Is a schematic view showing position of 
an agitator when a wiper of the developing device of 
Fig. 23 (B) is wiping a light transmission window; is 
Fig. 24 (A) is a graph representing changes in volt- 
age output from the light receiving element of a 
developing device according to a connparitive 
example; 

Fig. 24 (B) is a cross-sectional view showing the 20 
developing device according to the comparitive 
example; 

Fig. 24 (C) is a schematic view showing position of 
an agitator when a wiper of the developing device of 
Fig 24 (B) is wiping a light transmission window; 25 
Fig. 25 is a cross-sectional view showing a develop- 
ing device accortdng to a fifth embodiment of the 
present invention, taken along line XXV-XXV of Fig. 
26; 

Fig 26 is a cross-sectional view showing light emit- 30 
ting and receiving elements of Fig. 25 taken along 
line XXVIa-XXVIa' of Fig. 25. and the developing 
device of Fig. 26 taken along line XXVIb-XXVIb' of 
Fig 25; 

Fig 27 is a cross-sectional view showing the devel- ss 
oping device of Fig. 25, with a cleaning member 
rotated into confrontation with a light transmission 
window; 

Fig. 28 IS a cross-sectional view showing the devel- 
oping device of Fig. 25, with the cleaning member 40 
rotated past the light transmission window; and 
Fig. 29 is a cross-sectlonal view showing the devel- 
oping device of Fig. 25, with a slide contact member 
of a first agitator rotated into confrontation with the 
light transmission window. 45 

DETAILED DES CRIPTION OF THE PREFFERRED 
EMBODIMENTS 

[0032] A laser beam printer 1 according to a first so 
embodiment the present invention is shown In Fig. 1 . 
The laser bearri printer 1 includes a case 2, and a 
feeder unit for supplying sheets (not shown) at the bot- 
tom portion of the case 2. The feeder unit includes a 
friction separation member 14. a sheet supply roller 11. ss 
and a sheet pressing plate 10 that is pressed upward by 
a spring (not shown). The sheet pressing plate 10 
presses the sheets upward against the sheet supply 



roller 1 1 . Rotation of the sheet supply roller 1 1 sepa- 
rates the uppermost sheet at a position between the 
sheet supply roller 1 1 and the friction separation mem- 
ber 14, to supply sheets at a predetermined timing. 
[0033] A pair of register rollers 12 and 13 are rotat- 
ably supported at a position downstream along the 
pathway which sheets are transported by rotation of the 
sheet supply roller 1 1 in the direction indicated by an 
arrow in Fig. 1. The pair of register rollers 12 and 13 
transports sheets at a predetermined timing to a trans- 
fer position, which is defined by a photosensitive drum 
20 and a transfer roller 21 . 

[0034] The photosensitive drum 20 Is rotatably sup- 
ported on the case 2, and driven to rotate In a direction 
indicated by an arrow by a drive means (not shown). 
The photosensitive drum 20 is formed from a positively 
charging material, such as an organic photosensitive 
member whose main component Is positively charging 
polycarbonate. In concrete terms, the photosensitive 
drum 20 is configured from a hollow drum with an alumi- 
num cylindrical sleeve as its main body. A photoconduc- 
tive layer is formed on the outer peripheral surface of the 
cylindrical sleeve to a predetermined thickness of, for 
example, about 20nm. The photoconductive layer is 
formed by dispersing a photoconductive resin in poly- 
carbonate. 

[0035] A charge unit 30 is configured from, for 
exanple. a positively charging scorotoron charge unit^ 
that generates a corona discharge from a charge wire, 
which is formed from tunsgten for example. 
[0036] A laser scanner unit 40 includes a laser gen- 
erator (not shown), a polygon min-or (five surfaced mir- 
ror) 41 that is driven to rotate, a pair of lenses 42 and 
45, and reflection mirrors 43, 44, and 46. The laser gen- 
erator generates a laser light L to form an electrostatic 
latent image on the photosensitive drum 20. 
[0037] A developing unit 50 includes a case 51 
formed with a toner holding chamber 52 serving as a 
developing agent container and a developing chamber 
57. An agitator (developing agent agitating and transfer- 
ring member) 53, and two cleaning members 54 are 
provided in the toner holding chamber 52 In rotation 
around a rotational shaft 55. Since both cleansing mem- 
bers 54 have the same configuration, only one will be 
referred to during explanation in the fololowing text. 
According to the present embodiment, the toner held in 
the toner holding chamber 52 Is a non-magnetic single- 
component toner that has a positively charging nature 
and electrically insulating properties. Also, two light 
transmission windows 56a. 56b, also referred to generi- 
cally as light transmission window 56 hereinafter, are 
provided in the inner walls of the toner holding chamber 
52. one adjacent to each end of the rotational shaft 55. 
[0038] The developing chamber 57 is formed 
nearer the photosensitive drum 20 than the toner hold- 
ing chamber 52. A toner supply roller 58 and developing 
roller 59 are rotatably supported in the developing 
chamber 57. A layer thickness regulating blade 64 hav- 
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ing a resilient thin shape is disposed in the developing 
chamber 57, for regulating toner on the developing roller 
59 to a predetermined thickness. The toner is then sup- 
plied by rotation of on the developing roller 59 to 
develop the electrostatic latent image on the photosen- 
sitive drum 20. 

[0039] The transfer roller 21 is configured from a 
resilient foam body having electrical conductivity. The 
resilient foam body is formed from silicon rut^ber or ure- 
thane rubber, for example, and is freely rotatably sup- 
ported. The transfer roller 21 is applied with a voltage, 
so that the toner image on the photosensitive drum 20 is 
reliably transferred to a sheet transported between the 
photosensitive drum 20 and the transfer roller 21 . 
[0040] A fixing unit 70 is provided further down- 
stream in a sheet transport pathway, which extends 
from the register roller 12 and 13 to where the photo- 
sensitive drum 20 and the transfer roller 21 pressingly 
contact each other. The fixing unit 70 includes a heat 
roller 71 and a pressing roller 72. The heat roller 71 and 
the pressing roller 72 press and heat the toner image 
transferred onto the sheet, thereby fixing the toner 
image onto the sheet. A pair of transport rollers 73 and 
a pair of discharge rollers 74 for transporting the sheet 
are each provided downstream in the sheet transport 
pathway from the pressing roller 72. A discharge tray 75 
is provided downstream from the discharge rollers 74. 
[0041 ] It should be noted that the transfer roller 21 . 
the charge unit 30, and the developing unit 50 are 
housed in a process cartridge 2a, which is detachable 
from the laser beam printer 1. Further, the developing 
unit 50 is freely detachable from the process cartridge 
2a. and functions as a developing unit cartridge. 
[0042] In the laser beam printer 1 according to the 
embodiment described above, the surface of the photo- 
sensitive drum 20 is uniformly charged by the charge 
unit 30. Then the laser light L is emitted from the laser 
scanner unit 40 as modulated according to image infor- 
mation, to form the electrostatic latent image on the sur- 
face of the photosensitive drum 20. The latent image is 
developed Into a visible image by toner from the devel- 
oping unit 50. The visible image formed on the photo- 
sensitive drum 20 is transported toward the transfer 
position by rotation of the photosensitive drum 20. In the 
meantime, the sheet supply roller 1 1 and the register 
rollers 1 2 and 1 3 supply a sheet to the transfer position. 
The visible toner image on the photosensitive drum 20 
is transferred onto the sheet by a transfer bias applied to 
the transfer roller 21 . It should be noted that any toner 
remaining on the photosensitive drum 20 after transfer 
is collected into the developing chamber 57 by the 
developing roller 59. Next, the sheet with the toner 
image is transported to the fixing unit 70. The sheet is 
transported between the heat roller 71 and the pressing 
roller 72 of the fixing unit 70. so that the visible image on 
the sheet is pressed and heated, and fixed onto the 
sheet. The sheet is discharged onto the discharge tray 
75 by the pair of the transport rollers 73 and the pair of 



the discharge rollers 74. This completes image forma- 
tion operations. 

[0043] Toner in the toner holding chamber 52 is 
consumed during image forming operations. Toner must 

5 be replenished in a timely manner to prevent reduction 
in quality caused by insufficient toner. The developing 
unit 50 accoridng to the present embodiment is pro- 
vided with configuration for detemining whether toner 
needs to be replanished, by detecting reduction in toner 

10 amount at an appropriate timing. Detailed configuration 
will be described for the devefoping unit 50 and configu- 
ration for detecting the amount of remaining toner while 
referring to Figs. 2 to 7. 

[0044] Fig. 2 to 4 are cross-sectional views of the 
15 developing unit 50 of the first embodiment, wherein Fig. 

3 is a view taken when the agitator 53 and the cleaning 
member 54 are positioned as indicated by the dotted 
chain line in Fig. 2. The case 51 forms the toner holding 
chamber 52 and the developing chamber 57, and also 

20 functions as a frame for supporting various elements so 
that the developing unit 50 can be removed and 
mounted in the drum cartridge 2a shown In Figs. 3 and 

4 while the various components shown in Fig. 2 are pro- 
vided within the case 51 . 

25 [0045] The developing roller 59 serving as a devel- 
oping agent carrying member has a sleeve member 59b 
provided on a metal core 59a. which is formed from 
stainless steel for example. The sleeve member 59b is 
formed from electrically conductive silicon rubber that 

30 includes electrically conductive carbon particles. A coat 
layer 59c of rubber material or resin contaming fluorine 
is formed on the sleeve member 59b. It should be noted 
that the developng roller 59 need not have a base 
member configured from electrically conductive silicon 

35 rubber. Instead, the base member can be configured 
from electrically conductive urethane rubber. Although 
not shown in the drawings, a power source is provided 
for applying a predetermined voltage to the developing 
roller 59 to provide a predetermined potential difference 

40 between the developing roller 59 and the photosensitive 
drum 20. 

[0046] The layer thickness regulating blade 64 
includes a support portion 64a formed from stainless 
steel and the like and a contact portion 64b. The sup- 

45 port portion 64a has its base fixed to the case 51 of the 
developing unit 50. The contact portion 64b is fixed on 
the tip end of the support portion 64a. and is formed 
from electrically insulating or conductive silicon rubber, 
electrically insulating or conductive fluororubber. or 

50 electrically insulating or conductive urethane rubber. 
The contact portion 64b is pressed against the develop- 
ing roller 59 by resilient force of the support portion 64a. 
The contact portion 64b according to the present 
embodiment is formed In a protruding, approximately 

55 semi-circular shape in cross section as shown in Fig. 2. 
However, the contact portion 64b could be formed in a 
plate shape. 

[0047] The toner supply roller 58 Includes a cylindrj- 
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cal base member 58b formed on a metal core 58a. 
which is formed from stainless steel for example. The 
cylindrical base merrier 58b Is formed from an electri- 
cally conductive sponge material. The toner supply 
roller 58 is disposed so as to pressingly contact the 
developing roller 59 by resilient force of the sponge. It 
should be noted that other appropriate materials, such 
as electrically conductive silicone rubber or urethane 
rubber can be used to form the toner supply roller 58. 
[0048] It should be noted that the toner contained in 
the toner holding chamber 52 is a positively chargable. 
non-magnetic, single-component toner. The toner base 
particles have a particle diameter of between 6 microns 
and 10 microns, and an average particle diameter of 8 
microns. The toner base particles are formed by adding 
a well-known coloring agent, such as carbon black, and 
a charge control agent, such as nigrosine. triphenyl- 
methane, and quaternary ammonium salt, to styrene 
acryl resin that has been formed in spheres by suspen- 
sion polymerization. The toner is configured by adding 
silica as an outer additive to the surface of the toner 
base particles. The silica is processed by well-known 
hydrophobic processes, such as by silane coupling 
agent. Silica with a BET value of 150 is added in quan- 
tities of 1% by weight of the toner base particle and sil- 
ica witii a BET value of 50 is added in 0.5% by weight of 
the toner base particle. 

[0049] The BET value represents ttie specific sur- 
face area measured by forced adsorption of nitrogen, 
and is indicated as surface area per unit weight in units 
of m^/g. Accordingly, tiie larger the BET value, the 
smaller the particle diameter and tiie smaller the BET 
value, the larger the particle diameter. According to the 
present embodiment, the BET value was measured by a 
normal BET measuring method, using a RowSofb2- 
2300. which is a specific surface area measuring device 
produced by Shimadzu Corporation. 
[0050] The toner is suspension polymerization 
toner with a shape extremely near to being completely 
spherical. Also, the toner has extremely excellent fluidity 
because silica that was processed by hydrophobic proc- 
esses and that has a BET value of 150 is added as an 
outer additive in tine amount of 1% by weight of the toner 
base particle. For this reason, the toner can be suffi- 
cientiy charged by friction charging. Therefore, high 
toner transfer efflcientiy results, so that extremely high 
quality images can be formed. Although silica having a 
BET value of 50 increases fluidity of toner less than 
does silica having a BET value of 150, the larger diam- 
eter silica having a BET value of 50 prevents smaller 
diameter silica with a BET value of 150 from becoming 
embedded into the toner base particle over long period 
of use. Therefore, by also adding the larger diameter sil- 
ica having a BET value of 50. good fluidity can be main- 
tained over a longer period of time, so that transfer 
efficiency is good and extremely high quality images 
can be formed. 

[0051] The agitator 53. which serves as agita- 



tion/transfer member, includes a support member 53a 
and a sheet shaped slide contact member or a blade 
53b, which is attached to the tip end of the support 
member 53a. The support member 53a is formed from 

5 resin, for example ABS (acryloniti-ile butadiene styrene) 
resin. The slide contact member 53b is formed from 
PET (polyethylene terephthalate). As shown in Figs. 3 
and 4. the support member 53a is formed integrally with 
a rotational shaft 55, which is axially supported between 

70 side walls 51a, 51b of the case 51 . Also, as shown in 
Fig. 4, the slide contact member 53b has a transport 
surface with a width W1 , that is, a length in the rotational 
radial direction of the rotaional shaft 55. With this width 
W1. as shown in Fig. 2, tiie slide contact member 53b 

75 bends when in sliding contact witii the toner holding 
chamber 52, at least with the cylindrically-shaped base 
surface portion 52a of tiie toner holding chamber 52. A 
gear 63 is fixed to one axial end of the rotational shaft 
55 so that when rotational drive force from a motor (not 

20 Shown) is transmitted to the gear 63. the agitator 53 
rotates in the direction indicated by an arrow in Fig. 2. At 
this time, the slide contact member 53b slidingly con- 
tacts against the base surface portion 52a of the toner 
holding chamber 52 in a bent condition and pushes- 

2s toner up into the opening A using the transport surface 
having tiie width W1 . 

[0052] Because both tiie slide contact member 53b 
and the support member 53a push the toner upward., 
opening portions 53c are formed in the support member 

30 53a as shown in Figs. 3 and 4 to decrease resistance 
received from the toner on the surface of the support 
member 53a during rotation. Also, the support member 
53a and the slide contact member 53b are formed 
shorter tiian the case 51 . As shown in Fig. 3. the sup- 

35 port member 53a and tiie slide contact member 53b are 
separated from the light ti-ansmission windows 56a, 56b 
by a distance W2. so they do not contact the light trans- 
mission windows 56a. 56b. The distance W2 is set to a 
value that strikes a good balance between providing 

40 proper agitation of the toner, and not adversely effecting 
detection of remaining toner amount to enable sufficient 
detection precision. According to the present embodi- 
ment, it is desirable to set tiie distance W2 to a value 
within tiie range of 3mm to 10mm. 

45 [0053] The opening A is formed in the case 51 to 
fluidly connect the toner holding chamber 52 and the 
developing chamber 57. The opening A extends sub- 
stantially along the entire length of tiie toner holding 
chamber 52 and the developing chamber 57, that is. 

50 along the entire widthwise direction as viewed in Fig. 3. 
With this configuration, toner is supplied uniformly by 
the agitator 53 to the developing chamber 57 across the 
entire width of the toner holding chamber 52 and the 
developing chamber 57. 

55 [0054] The light transmission windows 56 are trans- 
parent members formed from glass that has silicon 
oxide as its main component. The light transmission 
windows 56a, 56b can be formed from any transparent 
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or opaque material, for example, acryl. polycarbonate, 
or polypropylene. As shown In Rgs. 3 and 4. the light 
transmission windows 56 include a light transmission 
window 56a and a light transmission window 56b. The 
light transmission window 56a is attached to a side wall 5 
51a of the case 51 nearer the light generating means 
60. The light transmission window 56b is attached to a 
side wall 51b of the case 51 nearer the light receiving 
means 61. Also, as shown in Fig. 5. the light transmis- 
sion windows 56a and 56b protrude slightly Into the inte- 10 
rior of the toner holding chamber 52. With this 
configuration, a step with a height hi is formed between 
the inner wall of the toner holding chamber 52 and the 
light transmission windows 56a, 56b. In the present 
embodiment, the height hi is set to about 1mm. The 75 
step is formed to a substantial right angle between the 
side surface of the light transmission windows 56a, 56b 
and inner wall surface of the toner holding chamber 52. 
Also, each of the light transmission windows 56a, 56b is 
formed with a substantial right angle between its side 20 
surface and its upper surface. 

[0055] Also, the wiper 54b of the cleaning member 
54 is configured to reliably wipe the surfece of the light 
transmission windows 56a. 56b. Also, as shown in Fig. 
2. the light transmission window 56b (56) is positioned 25 
nearer the opening A than a plane G. which extends 
vertically and includes the rotational center axis of the 
agitator 53 and the cleaning member 54. The plane G 
win t>e referred to as the vertical line G hereinafter. In 
other words, the toner holding chamber 52 is divided by 30 
the plane G into an imaginary first region (left side of the 
plane G m Fig. 2) and an imaginary second region (right 
side of the plane G in Fig. 2), and the light transmission 
windows are positioned in the imaginary first region. 
Further, as shown in Figs. 3 and 4, the drum cartridge 35 
2a is formed with opening portions 62a, 62b at positions 
corresponding to the light transmission windows 56a, 
56b. The opening portion 62a enat>les transmission of 
light through the light transmission window 56a into the 
toner holding chamber 52, and the opening portion 62b 40 
enables transmission of light from the light transmission 
window 56b out of the toner holding chamber 52. 
[0056] The cleaning member 54 is configured from 
a support member 54a and a wiper 54b. The support 
member 54a is formed integrally with the support mem- 4S 
ber 53a of the agitator 53. As shown in Fig. 4, the wiper 
54b is attached to a side edge of the support member 
54a. The support member 54a of the cleaning member 
54 has a phase angle of 180 degrees with the support 
member 53a of the agitator 53. Therefore, the support so 
member 54a of the cleaning member 54 extends from 
the rotational shaft 55 in parallel with, but in the opposite 
direction of. the support member 53a of the agitator 53. 
The wiper 54b is formed from urethane rubber and is 
positioned so that, as indicated by two-dotted chain line ss 
in Fig. 5, it contacts the surface of the light transmission 
window 56a (56b) in a bent condition with a predeter- 
mined pressure by resilient force of the urethane rubber 



Accordingly, by positioning the wiper 54b to press 
against the surface of the light transmission windows 
56a (56b) with a predetermined pressure, then the 
wiper 54b will not bend as much when in contact with 
the inner surface of the side wall 51a (51b) of the toner 
holding chamber 52 as indicated by a solid tine in Fig. 5. 
The wiper 54b is formed with a length and hardness of 
rubber material so that it contacts the light transmission 
windows 56a, 56b with a corner edge, that Is, rather 
than with a flush surlace-to-surface contact. With this 
configuration, the wiper 54b slides against the surface 
of the light transmission windows 56a, 56b in associa- 
tion with the rotation of the support member 54a, and 
wipes toner off the surface of the light transmission win- 
dow 56a (56b). 

[0057] As shown in Fig. 3, the cleaning member 54 
has a lateral width W3 from the edge in contact with the 
tight transmission window 56a (56b), that is, while the 
wiper 54b is positioned in contact with the light trans- 
mission windows 56. to the other edge in a lengthwise 
direction of the toner holding chamber 52. The width W3 
is greater than the space W2 described above. 
[0058] As shown in Figs. 3 and 4. the light emitting 
means 60 and the light reception means 61 are posi- 
tioned on opposite sides of the developing unit 50 in cor- 
respondence with the light transmission windows 56a, 
56b. The light emitting means 60 is configured from a 
plastic holder 60a attached to the frame 2b, a base plate 
60b supported on the holder 60a. and a light emitting 
element 60c provided on the base plate 60b. A plastic 
lens 60d is formed integrally with the holder 60a in the 
side feeing the light transmission window 56a. A tight 
emitting diode is used as the light emitting element 60c. 
In the same way. the light reception means 61 is config- 
ured from a plastic holder 61a attached to the frame 2b, 
a base member 61 b supported on the holder 61 a, and a 
light receiving element 61c provided on the base mem- 
ber 61b. A plastic lens 61d is formed integraly with the 
holder 61 a in the side facing the light transmission win- 
dow 56b. A photo-transistor is used as the light receiv- 
ing element 61c. 

[0059] As shown in Figs. 3 and 4. the atx>ve- 
described light emitting element 60c, the plastic lens 
60d, the opening portion 62a of the drum cartridge 2a, 
the light transmission window 56a, the light transmis- 
sion window 56b, the opening portion 62b of the drum 
cartridge 2a. the plastic lens 61 d. and the light receiving 
element 61c are aligned substantially linerly. Light emit- 
ted from the light emitting element 60c has its rays 
aligned parallel by the plastic lens 60d and falls incident 
on the light transmission window 56a by passing 
through the opening portion 62a. Accordingly, when no 
toner exists between the light transmission window 56a 
and the light transmission window 56b. light passing 
through the light transmission window 56a fads incident 
on the light transmission window 56b on the other side. 
The light passes through the light transmission window 
56b and falls incident on the plastic lens 61d after pass- 
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ing through the opening portion 62b. The incident light is 
condensed by the plastic lens 61d and is received by 
the light receiving element 61c. Accordingly, even if the 
toner holding chamber is fairly wide, the light can be 
used to efficiently detect remaining amount of toner. 5 
[0060] As shown in Fig. 7. the light receiving ele- 
ment 61c outputs a voltage that changes In accordance 
with the amount of light received by the light receiving 
element 61c. According to the present embodiment, the 
light receiving element 61c outputs a voltage value of 10 
near 5V when it receives the minimum light amount, and 
outputs a voltage value of nearly OV when it receives a 
maximum light amount. The output voltage value 
changes within this range according to the received 
light. In the present embodiment, remaining amount of 
toner is detected in the following manner. Output from 
the light receiving element 61c described above is read 
by a control portion 200 shown in Fig. 6. The control 
portion 200 is formed from a microprocessor and the 
like, and judges that output from the light receiving ele- 
ment 61 c is at a high level when the output voltage value 
from the the light receiving element 61c is greater than 
a predetermined set threshold value, and judges that 
output from the light receiving element 61c is at a low 
level when the output voltage value from the light receiv- 
ing element 61c is less than the threshold value. The 
total time of all low level periods T1 during a measured 
unit period T2 is used to calculate the ratio of low level 
in the measured unit period T2. Using this calcualtion. 
the amount of remaining toner is detected. Because the 
device of the present embodiment uses the plastic 
lenses 60d, 61d, even if the toner holding chamber 52 is 
fairly wide, light irradiated from the light emitting ele- 
ment 60c can be effectively received to detect the 
amount of remaining toner, so the amount of remaining 
toner can be detected with a high degree of accuracy. 
[0061 ] Fig. 6 is a block diagram showing schematic 
configuration of the control portion 200 according to the 
present embodiment The control portion 200 includes a 
CPU 210. a RAM 211 for stbing data, a ROM 212 for 
storing programs, and an Input/output (I/O) interface 
213. The ROM 212 and the RAM 211 are connected to 
the CPU 210. The CPU 210 monitors output from the 
light receiving element 61c through the I/O interface 
213. According to the programs stored in the ROM 212, 
the CPU 210 measures the width of the pulse signal 
outputted from the light receiving element 61c over the 
I/O 213. and stores the width in the RAM 21 1 . The CPU 
210 judges whether or not the pulse width value stored 
in the RAM 211 has exceeded the predetermined 
threshold value. Then it is determined that the pulse 
width value has exceeded the predetermined threshold 
value, the CPU 210 outputs a notification command for 
urging additional supply of toner, over the I/O interface 
213. so that for example, a display panel 220 displays a 
message urging the user to replenish the toner. 
[0062] A detailed explanation of example opera- 
tions according to the first embodiment will be 



described below centered on operations for detecting 
remaining toner amount, and operations of the agitator 
53 and the cleaning member 54. 
[0063] First, an explanation will be provided for 
when a sufficient amount of toner fills the toner holding 
chamber 52, so that, as indicated by the upper dotted 
line in Fig. 8 (A), the uppermost surface of the remaining 
toner (refen-ed to as "toner surface" hereinafter) is 
extremely higher than the position of the light transmis- 
sion windows 56a, 56b. By rotation of the agifator 53, 
the slide contact member 53b slldingly contacts the wall 
surface of the toner holding chamber 52 while agitating 
the toner in the toner holding chamber 52. Moreover, 
the slide contact member 53b of the agitator 53 trans- 
ports toner from the toner holding chamber 52 into the 
developing chamber 57 when the slide contact member 
53b reaches the opening A as indicated in solid line in 
Fig. 2 and passes by the opening A. On the other hand, 
although the wiper 54b of the cleaning member 54 oper- 
ates to wipe off the surface of the light transmission win- 
dows 56a, 56b, the surface of the light transmission 
windows 56a. 56b that are wiped by the wiper 54b will 
be promptly covered over again by the surrounding 
toner because sufficient toner remains between the light 
transmission windows 56a. 56b. Accordingly, light emit^ 
ted from the light emitting element 60c will not pass 
through the toner holding chamber 52. so the output 
from the light receiving element 61c will not fluctuate. 
[0064] Next, an explanation will be provided for 
when the amount of remaining toner drops until, as indi- 
cated by a solid line in Fig. 8(A), the toner surface 
approaches the position of the light transmission win- 
dows 56a. 56b. In this case, the light transmission win- 
dows 56a, 56b will not be covered by toner immediately 
after being wiped off by the wiper 54b. Because the 
detection light from the light emmittng element 50c has 
an optical axis that traverses across the toner holding 
chamber 52. the detection light falls incident on and 
passes through the light transmission window that is 
40 provided in the widthwise opposite side surface of the 
toner holding chamber, whereupon it Is received by the 
light receiving element 61c. 

[0065] When the wiper 54b rotates from the position 
indicated in Fig. 8 (A) to the position shown in Fig. 9, the 
45 slide contact member 53b of the agitator 53 deformingly 
presses side wall of the toner holding chamber 52. In 
association with further rotation of the agitator 53. the 
slide contact member 53b enters into the toner housed 
at the bottom of the toner holding chamber 52, while 
so slldingly contacting the bottom surface portion 52a of 
the toner holding chamber 52 in a bent posture. There- 
fore, the transport surface of the slide contact member 
53b presses the toner in the direction indicated by an 
arrow B in Fig. 9, so that the toner covers the light trans- 
55 mission windows 56a. 56b. How long the transmission 
windows 56a. 56b remain uncovered before the slide 
contact member 53b presses the toner to cover the light 
transmission windows 56a. 56b depends on the amount 
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of toner remaining in the toner holding chamber 52. 
That is to say, the greater the amount of remaining 
toner, the less time will elapse before the light transmis- 
sion windows 56a. 56b are covered. The less the 
amount of remaining toner, the longer the time until the 5 
light transmission windows 56a, 56b are covered. 
Accordingly, the greater the toner amount, the shorter 
the time that the light receiving element 61c outputs the 
low level period Tl shown In Fig. 7. The lower the toner 
amount, the longer that the light receiving element 61c 10 
outputs the low levrel period T1 shown in Fig. 7. Accord- 
ing to the present embodiment, the above described 
control portion 200 samples the output voltage value 
from the light receiving element 61c at a predetermined 
sampling cycle and stores the sampling values. When 1$ 
the ratio of the total low level period Tl during the pre- 
determined measuring unit period T2 exceeds the pre- 
determined ratio, a judgment falls loner empty". 
[0066] As described above, in the developing unit 
50 according to the first embodiment, stable detection of 20 
remaining toner is performed by using the wiper 54b of 
the cleaning member 54 to wipe the surface of the light 
transmission window 56 while using the agitator 53 to 
agitate and transport the toner in the toner holding 
chamber 52. 25 
[0067] In particular, according to the present 
embodiment, the light transmission window 56 is dis- 
posed on side of the vertical plane G nearer the opening 
A, i.e., the light transmission window 56 is positioned in 
the imaginary first region described above). In addition, 30 
the wiper 54b and the agitator 53 are configured so that 
at the time that the wiper 54b is actually wiping the light 
transmission window 56 as shown in Rg. 8 (A), the agi- 
tator 53 is positioned opposite from the opening A with 
respect vertical plane G, i.e., the agitator 53 is posi- 35 
tioned at the above described imaginary second region, 
and is positioned above a horizontal plane H passing 
through a center of the light transmission window 56. 
"H" will be referred to as the light transmission window 
horizontal plane H hereinafter. That is, if the interior of 40 
the toner holding chamber 52 is divided into four regions 
I to IV by the vertical plane G and the light transmission 
window horizontal plane H as shown in Fig. 8 (B). then 
the agitator 53 is positioned in region I as indicated by 
hatching in Fig. 8 (B) when the wiper 54b is wiping the 45 
light transmission window 56. With this configuration, 
detection of remaining toner can be performed 
extremely stably over a long period of use. 
[0068] Next, the relative positional relationship of 
the light transmission window 56, the agitator 53, and so 
the cleaning member 54 according to the first embodi- 
ment will be described in detail. 
[0069] Rrst. when the agitator 53 is rotated from the 
position shown in Rg. 9. that is. from the position oppo- 
site from the opening A with respect to the vertical plane 55 
G, to the position adjacent the opening A as shown in 
Fig. 2. the transport surface of the slide contact member 
53b pushes and moves the toner in the direction indi- 



cated by the arrow B in Fig. 9. When the slide contact 
member 53b of the agitator 53 reaches the position 
shown in Fig. 2, a pile of toner will be piled onto the 
transport surface of the slide contact member 53b. 
Although the resilient PET slide contact member 53b is 
positioned to bend when contacting the circular surface 
portion of the toner holding chamber 52, the bending of 
the slide contact member 53b is released when the slide 
contact member 53b reaches the opening A. Then the 
slide contact member 53b reverts to Its original straight 
shape by resilient force of the PET rut>ber, the toner that 
is piled on the transport surface of the slide contact 
member 53b is supplied energetically into the develop- 
ing chamber 57. 

[0070] A portion of the toner will remain on the sur- 
face of the support member 53a of the transport surface 
of the slide contact member 53b. After the slide contact 
member 53b passes the opening A, and is rotated 
beyond a horizontal posture, then the remaining toner 
will fall down off the surface of the support member 53a 
and the transport suriace of the slide contact member 
53b. 

[0071 ] Also, directly after the agitator 53 passes by 
the opening A, the slide contact member 53b of the agi- 
tator 53 will be in sliding contact in a bent condition 
against a fonward wall 52b shown in Fig. 2. However, 
when the agitator 53 rotates further, the slide contact 
member 53b separates from the fbnward wall 52b, so 
that the bending is again released. At this time, toner 
dinging to the transport surface of the slide contact 
member 53b and the support member 53a will scatter. 
Because the toner is an extremely fine powder as 
desaibed above, when the bending of the slide contact 
member 53b is released, the toner will billow up into a 
cloud-like condition in the toner holding chamber 52 
when the toner falls from the support member 53a and 
the transport surface of the slide contact member 53b. 
However, by the agitator 53 rotates to the opposite side 
of the opening A with respect to the vertical plane G. the 
toner will already have settled and the toner surface 
level will be in horizontal condition. The toner surface is 
particularly level according to the first embodiment, 
because polymerized toner is used, which has excellent 
fluidity. When rotation of the agitator 53 progresses fur- 
ther to reach the position indicated in Rg. 8 (A), the 
wiper 54b of the cleaning member 54 reaches the sur- 
face of the light transmission window 56. By this time, 
the toner is in a staksle condition as described above, so 
that the light transmission window 56 is not contami- 
nated by toner once wiped by the wiper 54b. It should be 
noted that a timing of release of deformation of the slide 
contact member 53b only occur when the slide contact 
member 53b is in the imaginary first region. Therefore, 
when the slide contact member 53b is in the imaginary 
second region, toner scattering does not happen to pro- 
vide a stable condition of the toners. 
[0072] Although polymerized toner tends to easily 
billow up into a cloud as described above, it also has a 
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small angle of rest on the slide contact member 53b and 
on the support member 53a, so only a small amount of 
toner remains thereon. Accordingly, the toner will have 
sufficiently settled by the time the agitator 53 has 
rotated to the position opposite from the opening A with 5 
respect the vertical plane G, even If the fluidity of the 
toner changes over a long period of use so that it takes 
longer Ibr the toner to seltlle after billowing up. There- 
fore, the light transmission window 56 will remain clean 
after being wiped off by the wiper 54b. 10 
[0073] According to the first embodiment, the light 
transmission window 56 is provided on the same side of 
the vertical plane G as the opening A. Also, the slide 
contact member 53b of the agitator 53 is positioned on 
the opposite side of the vertical plane G than the open- is 
ing A and at a position higher than the light transmission 
window at the time when the wiper 54b is wiping the 
light transmission window 56. That is, the slide contact 
member 53b is poisitioned in region I as indicated by 
hatching shown in Fig. 8 (B). Therefore, even if a slight 20 
amount of toner clings to the sliding contact portion 53b 
and lialls off when the cleaning member is cleaning the 
light transmission window, it will not fall on the light 
transmission window(because the light transmission 
windows are not positioned immediately below the slid- 25 
ing contact portion 53b in this phase), so the freshly 
cleaned light transmission window will remain clean. 
[0074] As mentioned previously, the duration of 
time from when the wiper 54b finishes wiping the light 
transmission window 56 until the slide contact member 30 
53b pushes toner to cover the light transmission window 
56, depends on the amount of toner existing in the rota- 
tional orbit of the slide contact member 53b. That Is, the 
greater the remaining amount of toner, the longer the 
time period during which the light transmission window 35 
56 is covered by the toner, and the smaller the amount 
of toner, the shorter that time period. 
[0075] The output from the light receiving element 
indicates how much light the light receiving element 
receives. In other words, if the output value of the light 40 
receiving element reaches a predetermined value or 
greater, then it is judged that the amount of light 
received from the light transmission window has 
reached a predetermined value or greater. The length of 
time that the output value is equal to or greater than the 45 
predetermined value corresponds to the length of time 
between a light reception condition and a non-light 
reception condition, that Is, the time duration from when 
the cleaning member cleans the light transmission win- 
dow to when the toner pressed up by the slide contact so 
member 53b covers the light transmission window 56. 
The length of time depends on the amount of toner 
remaining in the toner holding chamber. Accordingly, by 
measuring the time that the voltage output from the light 
receiving element Is the predetermined value or greater, ss 
then the remaining amount of toner can always be sta- 
bly detected, without any variation due to change in the 
fluidity of the toner. Also, because the time that the oup- 



tut from the light receiving element is the predetermined 
value or greater corresponds to the amount of remain- 
ing toner, reduction in amount of remaining toner can be 
determined not only in a binary determination of 
whether toner exists or not, but also in a step-like man- 
ner. 

[0076] Further, since the light transmission window 
56 is positioned in the imaginary first region, and since 
the slide contact portion 53b of the wiper is positioned 
higher than the light transmission window 56 when the 
wiper 54b is at its cleaning position, time period until the 
toner covers the light transmission window 56 after the 
wiping operations depends only on the amount of set- 
tled toner. Therefore, detection of remaining toner can 
be accurately and stably performed over a long period 
of time. In particular, the fluidity of the toner is extremely 
high because substantially spherical polymerized toner 
is used as the toner, and also silica with a small particle 
diameter (BET value of 150) is used as outer additive. 
Thus, the uniform mobility of the toner results when the 
toner is pressed out by the slide contact member 53b. 
[0077] According to the present embodiment, large 
diameter silica with BET value of 50 is also added to the 
toner in addition to the small diameter silica with BET 
value of 150. If only external additive with a small parti- 
cle diameter was added, the external additive become 
embedded in the toner base particle, so that fluidity of 
toner would gradually dropped. However, the large 
diameter silica with BET value of 50 functions as a 
spacer so that the small diameter silica with BET value 
of 150 is prevented from becoming imbedded into the 
toner base particle. Therefore, fluidity of the toner can 
be maintained in a good condition until a toner empty 
condition is judged. That is. although adding the large 
diameter silica with BET value of 50 results in a toner 
fluidity that is initially lower than if only small diameter 
silica with BET value of 150 were, in the long run, small 
diameter silica with BET value of 150 can be prevented 
from becoming imbedded in the toner base particle, so 
that the toner fluidity can be constantly maintained in a 
good condition. The mobility of toner can be uniform 
over the entire toner area when pushed up by the slide 
contact member 53b. Accordingly, less toner remains 
on the slide contact member 53b of the agitator 53 that 
Is not supplied to the toner holding chamber 52 through 
the opening A to the developing chamber 57. Therefore, 
less toner will fall from the slide contact member 53b 
when pressed up to and above the opening A by the 
slide contact member 53b. As a result, the output from 
the light receiving element will be less distorted by fall- 
ing toner and the amount of remaining toner can be 
detected even more accurately. The time required for 
the pushed up toner to settle to the bottom of the toner 
holding chamber 52 is always maintained to a fixed 
time. In this way. the behavior of the toner that is pushed 
up by the slide contact member 53b is stable and the 
remaining amount of toner can be stably and accurately 
detected over long periods of time. 
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[00781 In the first embodiment, the light transmis- 
sion window 56 is positioned at the imaginary first 
region. However, it is possible to position the light trans- 
mission window 56 at the imaginary second region, i.e., 
opposite from the opening A with respect to the vertical 5 
plane G. In this case, It is necessary that the slide con- 
tact member 53b is positioned in the imaginary second 
region when the wiper 54 is in confrontation with the 
light transmission window. 

[0079] With this arrangement, toner that is pushed 10 
up by the slide contact member 53b would not cover the 
light transmis-. sion windows. However, with this config- 
uration, the light transmission windows would be con- 
taminated by toner that scatters around the toner 
holding chamber 52 or that billows up into a cloud when is 
it drops from the slide contact member 53b. However, 
with the configuration of the present modification, the 
wiper 54 does not clean the light transmission window 
56 when toner is falling or is scattered. Instead, the 
wiper 54 cleans the light transmission window when the 20 
slide contact member 53b has rotated into a region that 
is on the opposite side of the vertical plane G from the 
opening A. By this time, the toner will have settled to the 
lower position of the toner holding chamber 52. Even if 
a small amount of toner clings to the slide contact mem- 2S 
ber 53b, the toner will be flung off by resilient force of the 
slide contact member 53b. so that no toner will cling to 
the slide contact member 53b when the slide contact 
member 53b rotates to the side of the vertical plan G 
opposite from the opening A. Accordingly, even if the 30 
fluidity of the toner changes so that it does not easily fall 
off the slide contact member 53b, which changes the 
time that the toner disrupts the toner holding chamber, 
the toner will be in a sufficiently stable condition by the 
time the slide contact member 53b rotates into the 35 
imaginary second region. Also, even if the agitator 53 is 
positioned immediately above the light transmission 
window 56. the light transmission window that was 
cleaned by the wiper 54 will not be dirtied by toner 
because the toner will not ^11 off the slide contact mem- 40 
ber 53b. 

[0080] According to the first embodiment, by form- 
ing the slide contact member 53b of the agitator 53 from 
a flexible member, the toner is agitated and transported 
well. Also, the cleaning member 54 cleans the light 45 
transmission window 56 after toner that was moved by 
the agitator 53 has settled into a stable condition. 
Therefore, the amount of remaining toner can always be 
detected accurately, without varying with changes in flu- 
idity of the toner. 50 
[0081 ] The agitator 53 does not positively move the 
toner in the toner holding chamber 52 in the lengthwise 
direction (widthwise direction of the image recording 
sheet) of the toner holding chamber, but moves the 
toner in the frontward-reanward and radial directions of 55 
the toner holding chamber 52. Moreover, polymerized 
toner, which provides high fluidity in nature, is used as 
toner Therefore, any unevenness in distribution of toner 



within the toner holding chamber 52 can be quickly 
removed by merely rotating the agitator 53 within the 
toner holding chamber 52. Accordingly, the toner sur- 
face can be quickly returned to a flush condition even if 
toner in the toner holding chamber 52 temporality accu- 
mulates unevenly in certain areas of the toner holding 
chamber 52, for example, when the laser beam printer 1 
is moved around or the developing cartridge is removed 
from and placed back into the laser beam printer 1. 
Unevenness in the toner in the toner holding chamber 
52 can be prevented so that the amount of remaining 
toner can always be reliably detected. 
[0082] The opening A, which connects the toner 
holding chamber 52 and the developing chamber 57. 
extends across the entire width of the toner holding 
chamber 52 and the developing chamber 57 so that 
toner is transported by the agitator 53 from the toner 
holding chamber 52 to the developing chamber 57 uni- 
formly in the widthwise direction of the toner holding 
chamber 52 and the developing chamber 57, thereby 
preventing any uneven transport of toner. Accordingly, 
unevenness of toner in the toner holding chamber 52 
can be even more reliably prevented so that accurate 
detection of remaining toner amount is possible. 
[0083] Further, because the agitator 53 agitates the 
toner in the toner holding chamber 52. even if a large 
quantity of narrow-width printing targets, such as envel- 
ops or postcards, are printed on in succession, uneven- 
ness of the toner in the toner holding chamber 52 can 
be reliably prevented. That is to say. when a large quan- 
tity of narrow-width printing targets, such as envelopes 
or postcards, are printed in succession, toner tends to 
be locally consumed at portions of the toner holding 
chamber 52 that correspond to the narrow width of the 
printing targets. However, because the agitator 53 uni- 
formly distributes the unevenly consumed toner, and 
because the polymerized toner has a high fluidity, any 
unevenness in distribution of toner in the toner holding 
chamber 52 will be quickly corrected. According to the 
laser beam printer 1 of the present embodiment, une- 
venness in distribution of toner in the toner holding 
chamber 52 can be reliat)ly prevented not only when the 
toner is unevenly distributed because the laser beam 
printer itself is moved around or a developing cartridge 
is moved from or inserted into the laser beam printer 1 , 
but also when a large quantity of narrow width printing 
targets, such as envelops and postcards, are printed in 
succession. Therefore, the amount of remaining toner 
can be always reliably detected. 
[0084] Toner supplied from the toner holding cham- 
ber 52 through the opening A into the developing cham- 
ber 57 is applied with an electric charge by friction 
generated where the toner supply roller 58 and the 
developing roller 59 press against each other The toner 
is then borne on the developing roller 59 by static elec- 
tricity. Rotation of tiie developing roller 59 transports the 
toner borne on the developing roller 59 to where the 
contacft portion 64b of the layer thickness regulation 
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blade 64 presses against the developing roller 59. The 
toner, which includes an external additive, is applied 
with further electric charge by contact with the contact 
portion 64b of the layer thickness regulation blade 64 
and the developing roller 59. The external additive 
receives the pressure from the contact portion 64b and 
the developing roller 59. However, because the contact 
portion 64b of the layer thickness regulation blade 64 is 
formed from a resilient rubber material, the contact por- 
tion 64b deforms slightly to match the form of the exter- 
nal additive, which slightly protrudes out from the toner 
base body of the toner. Also, because the developing 
roller 59 is similarly formed from a resilient rubber mate- 
rial as described above, the developing roller 59 also 
deforms to match the protruding form of the external 
additive. As a result, pressure applied to the external 
additive is reduced, thereby reducing the amount that 
the external additive becomes en^edded in the toner 
base body. 

[0085] After being applied with a sufficient electric 
charge by friction at the contact portion between the 
layer thickness regulation blade 64 and the developing 
roller 59, the toner passes by the pressure portion 
between the layer thickness regulation blade 64 and the 
developing roller 59 and reaches the developing region 
in confrontation with the photosensitive drum 20. A por- 
tion of the toner transported to the developing region 
selectively clings to the surface of the photosensitive 
drum 20 according to the electrostatic latent image 
formed on the surface of the photosensitive drum 20. 
The remaining toner is returned to the toner holding 
chamber 52 after following a toner circulation route indi- 
cated by a dotted line arrow in Fig. 8. by rotation of the 
developing roller 59 and the toner supply roller 58. That 
is. the remaining toner is returned to the developing 
chamber 57 by rotation of the developing roller 59. and 
returned to the toner holding chamber 52 from the 
developing chamber 57 through the opening A. 
[0086] Because the pressing force between the 
layer thickness regulation blade 64 and the developing 
roller 59 does not embed the external additive Into the 
base body of the toner to be returned to the toner hold- 
ing chamber 52, even if the toner Is used for a long 
period of time, the fluidity of the toner in the toner hold- 
ing chamber 52 will not be reduced. Therefore, toner 
pressed up by the agitator 53 will again settle to the bot- 
tom of the toner holding chamber 52 after a predeter- 
mined time elapses. Because the fluidity of the toner is 
not reduced, the time required for the toner to settle in 
the toner holding chamber 52 will remain unaffected by 
fluidity of the toner, from when use of the toner first 
starts until a toner empty condition is judged. As a 
result, the developing device 50 of the present embodi- 
ment can accurately and stably detect remaining 
amount of toner. 

[0087] In particular, the contact portion 64b of the 
layer thickness regulation blade 64 of the present 
embodiment is formed from silicone rubber, and so has 



excellent characteristics for charging toner by friction. 
Therefore, layer thickness regulation blade 64 properly 
charge the toner by using a lower pressing force than a 
layer thickness regulation blade formed from some 

5 other rubber material. Because only a relatively small 
pressing force is required, the external additive can be 
prevented from becoming embedded into the toner 
base particle with even greater reliability. 
[0088] If the contact portion 64b of the layer thick- 

10 ness regulation blade 64 is formed from fluorine con- 
taining rubber or urethane rubber, the charge 
characteristic of fiction charging the toner is reduced in 
corrparlson with the employment of the silicone rubber. 
In this case, the layer thickness regulation blade 64 

IS needs to be pressed against the developing roller 59 
with a greater force than when silicone rubber is used. 
However, even when the pressing force is increased in 
this way. the contact portion 64b deforms by resilient 
force of the rubber material to match the protruding form 

20 of the external additive. Therefore, the amount that 
external additive is embedded into the toner base parti- 
cle can be suppressed to a only slight amount com- 
pared to when the contact portion is formed from a 
metal, such as stainless steel. The amourrt off embed- 

25 ment can be suppressed to a sufficiently low amount so. 
that the toner remains highly fluid, and the remaining 
toner amount can be stably detected. 
[0089] Further, it is difficult to completely remove 
toner from the light transmission windows 56 using a 

30 wiper or other cleaning member, when spherical polym- 
erized toner is used as toner. A small amount of the 
toner may remain on the window even by the wiping. 
When the wiper passes over the toner, the toner may be 
frictlonally moved relative to the window 56. thereby 

35 generating filming. 

[0090] Because the wiper 54b is configured to slide 
with a weak pressing force along the inner surface of the 
toner holding chamber 52 before sliding against the light 
transmission windows 56a. 56b. some external additive 

40 and fine toner particles can work under the wiper 54b 
when sliding against the inner wall of the toner holding 
chamber 52. The wiper 54b moves along the inner sur- 
face of the toner holding chamber 52 while scraping 
such external additive and fine toner particles against 

45 the toner holding chamber 52. If the wiper 54b were to 
continue sliding across the surface of the light transmis- 
sion windows 56a. 56b with toner or external additive in 
this condition, the external additive or fine toner would 
also scrape against the surface of the light transmission 

so windows 56a, 56b. and filming would be easily gener- 
ated. 

[0091] However, according to the present embodi- 
ment, a step with a predetermined height is provided 
between the Inner surface of the toner holding chamber 
55 52 and the upper surface of the light transmission win- 
dows 56a, 56b as shown in Fig. 5. Moreover, because 
the step portion is formed with a substantially right 
angle, any external additive or fine toner particles that is 
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caught between the wiper 54b and the inner wall of the 
toner holding chamber 52 as the wiper 54b slides along 
the inner surface of the toner holding chamber 52 will be 
largely removed at the step portion and the right angular 
portion of the step portion. Therefore, filming on the 5 
inner surface of the light transmission windows 56a. 56b 
can be reliably prevented. 

[0092] Because the light transmission windows 
56a. 56b protrude toward the inside of the toner holding 
chamber 52 from the inner surface of the toner holding 10 
chamber 52, the wiper 54b bends to a greater degree 
when sliding across the light transmission windows 56a. 
56b than when sliding across the inner surface of the 
toner holding chamber 52. Therefore, the wiper 54b 
slides across the surfece of the light transmission win- is 
dows 56a, 56b with a predetermined pressure derived 
from this resilient bending. Accordingly, by setting the 
pressing force of the wiper 54b against the light trans- 
mission windows 56a, 56b to an appropriate value, the 
wiper 54b will press with a smaller force against the 20 
inner surface of the toner holding chamber 52, which is 
positioned lower than the light transmission windows 
56a, 56b. As a result, the load generated by friction 
between the wiper 54b and the inner wall of the toner 
holding chamber 52 when the wiper 54b slides against 25 
the inner wall of the toner holding chamber 52 can be 
reduced. Also, small diameter toner components, which 
are the cause of filming, can be prevented from accu- 
mulating on the wiper 54b when the wiper 54b scrapes 
against the inner surface of the toner holding chamber 30 
52. As a result, filming on the light transmission win- 
dows 56a, 56b can be even more greatly reduced. 
[0093] In order to prevent external additive and fine 
toner particles from scraping against the inner surface 
of the toner holding chamber 52, which Is a cause of 35 
filming, it is conceivable to design the wiper 54b and the 
toner holding chamber 52 so that the wiper 54b does 
not contact the inner surface of the toner holding cham- 
ber 52 at all. However, when the wiper 54b and the inner 
surface of the toner holding chamber 52 are In non-con- 40 
tacting condition, when the wiper 54b wipes off the sur- 
face of the light transmission windows 56a, 56b and 
rotates toward the opening A, toner can fall through the 
gaps between the wiper 54b and the inner surface of the 
toner holding chamber 52. These falling toner particles 45 
may dirty the surfece of the light transmission windows 
56a. 56b immediately after the light transmission win- 
dows 56a, 56b are wiped off. According to the present 
embodiment, the wiper 54b slides across the inner sur- 
face of the toner holding chamber 52. However, the so 
pressing force of the wiper 54b against the inner surface 
of the toner holding cfiamber 52 is set weak, but strong 
enough to prevent toner from falling between the wiper 
54b and the inner surface of the toner holding chamber 
52. With this configuration, toner can be reliably pre- 55 
vented from telling onto the light transmission windows 
56a, 56b after the light transmission windows 56a. 56b 
have are wiped off. 



[0094] According to the present embodiment, the 
wiper 54b is formed from urethane rubber, which has 
sufficient resistance against abrasion. Also, the edge 
portion of the wiper 54b slides against the inner surface 
of the toner holding chamber 52 and the surface of the 
light transmission windows 56a, 56b. Therefore, polym- 
erized toner, which is spherical and difficult to pick up, 
can be easily picked up. Therefore, no thin layer of 
polymerized toner will remain on the surtece of the light 
transmission windows 56a, 56b, so the amount of 
remaining toner can be reliably detected. Also, because 
the wiper 54b is formed from urethane rubber, the edge 
of the wiper 54b will not be abraded down into a curve 
over long periods of use. As a result, the ability of the 
wiper 54b to properly collect toner can be maintained, 
and the amount of remaining toner can be reliably 
detected, over long periods of time. 
[0095] According to the present embodiment, exter- 
nal additives with a large diameter is used in addition to 
external additive with a small particle diameter for con- 
tributing to fluidity of the toner. The external additive 
with a large particle diameter operates as a polishing 
agent to even more reliably prevent filming on the sur- 
face of the light transmission windows 56a. 56b. Even if 
a small amount of polymerized toner gets under the 
edge portion of the wiper 54b and is scraped against the 
surface of the light transmission windows 56a, 56b. the 
external additive with a large particle diameter operates 
as a polishing agent and so reliably removes the toner 
by scraping onto the light transmission windows 56a, 
56b. Accordingly, the surface of the light transmission 
windows 56a. 56b can be scraped off well without 
changing the light transmission characteristic of the light 
transmission windows 56a. 56b. Therefore, the amount 
of remaining toner can be reliably detected. Also, 
according to the present embodiment, the light trans- 
mission windows 56a, 56b are formed from glass that 
contain silicon oxide as its main component. Therefore, 
the surface of the light transmission windows 56a, 56b 
will not be scratched or othenA^ise damaged, even when 
external additive with a large particle diameter that is 
formed from a hard material, such as silica, contacts the 
surface of the light transmission windows 56a, 56b. 
Because the surface of the light transmission windows 
56a, 56b remains smooth, detection light will not be 
scattered, and detection of the remaining toner amount 
can be performed with high precision. It should be noted 
that although in the present embodiment, the light trans- 
mission windows 56a. 56b are formed entirely from 
glass, the present invention is not limited to such a con- 
figuration. It is sufficient to form at least the portion of 
the light transmission windows 56a, 56b that is con- 
tacted by the wiper 54b is formed from glass. 
[0096] As described above in the present embodi- 
ment, the side end of the support member 53a and the 
side end of the slide contact member 53b are spaced 
away from the light transmission wirdow 56a, 56b by 
the space W2 in the lengthwise direction of the toner 
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holding chamber 52, i.e., in the widthwise direction of 
the image recording sheet. Therefore, as will be 
described hereinafter, they will not adversely affect 
detection of remaining toner amount when transporting 
and agitating the toner in the toner holding chamber 52, 
[0097] Assuming that if the distance W3 is zero, 
when the agitator 53 rotates and approaches the light 
transmission windows 56a, 56b, the side ends of the 
support member 53a and the slide contact member 53b 
would contact the light transmission windows 56a, 56b 
and wipe off the surface of the light transmission win- 
dows 56a. 56b. In such a case, if the light transmission 
window 56 is covered with toner in accordance with the 
rotation of the agitator 53 after wiping operation by the 
wiper 54. there is a danger that light will be transmitted 
through the light transmission windows 56a, 56b in the 
instant the agitator 53 wipes off the window 56. This will 
appear as noise in the signal from the light receiving 
element, that is a temporary low l^el output from the 
light receiving element when the output should be at a 
high level. 

[0098] Further, because the slide contact member 
53b of the agitator 53 is formed from PET. it has a rela- 
tively small friction coefficient with respect to the light 
transmission windows 56, if the windows 56 is formed 
from acryl or polycarbonate. Accordingly if no space 
W2 where provided, then when the slide contact mem- 
ber 53b contacts the light transmission windows 56a. 
56b, the toner may not be sufficiently wiped off so that 
light is not transmitted uniformly through the light trans- 
mission windows 56a. 56b. This will appear as random 
noise. It is difficult to cancel out such noise by attempt- 
ing to predict how the agitator 53 will affect transmission 
of light Therefore, it is impossible to avoid degradation 
and precision of detection of remaining toner amount. 
[0099] In contrast to this, because the space W2 is 
provided according to the present embodiment so that 
the agitator 53 does not wipe off the light transmission 
windows 56a, 56b, the above-described problems do 
not occur. That is to say, noise is not generated in the 
output voltage from the light receiving element 61 c in 
association with rotation of the agitator 53. Thus, it is 
possible to stably and reliably detect the amount of 
remaining toner. 

[0100] According to the present embodiment, the 
space W2 is set within the range of 3mm to 10mm. 
Because the space W2 is sufficiently small, i.e., not 
more than 10mm, the slide contact member 53b of the 
agitator 53 properly agitates the toner even at end por- 
tions of the toner holding chamber 52 in the lengthwise 
direction of the toner holding chamber 52. 
[0101] On the other hand, the space W2 is suffi- 
ciently large, i.e., not less than 3mm to prevent the force 
of the agitator 53 passing nearby the light transmission 
windows 56a. 56b from removing toner that clings to the 
light transmission windows 56a, 56b. Therefore, prob- 
lems described above for the hypothetical situation of 
when the agitator 53 contacts the light transmission win- 



dows 56a. 56b will not occur. 

[01 02] Further, because the above-described width 
W3 of the cleaning member 54 is greater than the space 
W2. Even if the slide contact member 53b does not agi- 
5 tate toner in the space W2. the region of the cleaning 
member 54 and the region of the slide contact member 
53 will overlap as the wiper 54b and the slide contact 
member 53b rotate so that the toner in the space W2 is 
properly agitated by the wiper 54b. 
10 [01 03] The wiper 54b is desirably provide high fric- 
tion coefficient with respect to the light transmission 
windows 56a. 56b so that the wiper 54b of the cleaning 
member 54 will properly clean toner from the surface of 
the light transmission windows 56a, 56b, That is to say, 
15 when the wiper 54b has a smalt friction coefficient with 
respect to the light transmission windows 56a, 56b. then 
some toner will remain incompletely wiped off. The 
remaining toner on the light transmission windows 56a, 
56b can interfere with the transmission of light through 
20 the light transmission windows 56a, 56b. The wiper 54b, 
which is formed from urethane rubber, has a sufficiently 
large friction coefficient with respect to the light trans- 
mission windows 56a, 56b and also with respect to 
clinging toner. As a result, the wiper 54b can wipe off 
25 most of the toner clinging to the light transmission win- 
dows 56a. 56b by scraping against the light transmis- 
sion windows 56a, 56b. The light transmission windows 
56a. 56b can be cleaned to a degree that does not inter- 
fere with detection of remaining toner amount. It should 
30 be noted that friction coefficient referred herein 
describes friction coefficient per unit area. 
[01 04] In contrast to this, it is desirable that the slide 
contact member 53b have a lower friction coefficient 
with respect to the floor portion 52a of the toner holding 
35 Chamber 52 than the wiper 54b has with respect to the 
light transmission windows 56a, 56b. This is because 
the slide contact member 53b must have a small friction 
coefficient with respect to the floor portion 52a and to 
the toners so that the slide contact member 53b can 
40 smoothly agitate and transport toner in the toner holding 
chamber 52. "mat is, if the sliding resistance is reduced, 
then the torque required to the agitator 53 can be 
reduced, and also damage to the toner itself can be 
reduced. Because the slide contact member 53b is 
45 formed from PET, the slide contact member 53b has a 
sufficiently low friction coefficient with respect to toner 
and to the floor portion 52a of the toner holding cham- 
ber 52. Therefore, the above-described potential prob- 
lem does not occur. 
so [0105] In the case of the present embodiment, the 
wiper of the cleaning member 54 and the slide contact 
member 53b of the agitator 53 are formed from different 
materials. However, it is conceivable to form both from 
the same material. In this case, it can be difficult to 
55 achieve the above-described relationships in friction 
coefficient for both the wiper 54b and the slide contact 
member 53b. To this effect, pressing force of both the 
wiper 54b and the slide contact member 53b can be 
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adjusted to meet these requirements. That is. configura- 
tion can be adjusted to increase the pressing force of 
the wiper 54b against the light transmission windows 
56a, 56b and to reduce the pressing force of the slide 
contact member 53b against the floor member 52a to 5 
less than the pressing force of the wiper 54b against the 
light transmission windows 56a. 56b. It should be noted 
that the pressing force referred herein refers to press 
force applied per unit area. 

[0106] In concrete terms, pressing force of the 10 
wiper 54b can be sufficiently increased for example by 
increasing the bending amount when scraping against 
the light transmission windows 56a. 56b or by increas- 
ing the resiliency itself of the wiper 54b. With such con- 
figurations, the toner clinging to the light transmission is 
windows 56a. 56b is easily wiped off. On the other 
hand, the pressing force of the slide contact member 
53b can be sufficiently reduced by, for example, reduc- 
ing the bending amount of the slide contact member 
53b when scraping against the floor portion 52a of the 20 
toner holding chamber 52 or by reducing the resiliency 
of the slide contact member 53b. With such conf igurai- 
otns, damage to the toner and increase in torque which 
can occur when sliding resistance Is increased can be 
avoided. 25 
[0107] As described above, according to the 
present embodiment, detection of remaining toner 
amount can be performed stably with higher precision 
without sacrificing capability of properly agitating the 



Experiment 1 

[0108] Next, an explanation will be provided for a 
first set of experiments performed using the device of 35 
the first embodiment to measure voltage output from the 
light receiving element 61c. At first, the toner holding 
chamber 52 was filled with 200g of toner and image for- 
mation was consecutively performed. The value of volt- 
age outputled from the light receiving element 61c was 40 
measured when the residual toner in the toner holding 
chamber 52 reached 90g. 80g. and 70g. Also, the 
threshold value for judging low and high levels of the 
output voltage was set at 3V That is, voltage values 
lower than the 3V were judged as low level. The sam- 45 
pling frequency was set to 6 microseconds and the 
measurement period was set to 6 seconds. The toner 
holding chamber 52 was judged to be emptly, a condi- 
tion referred to as a toner empty condition hereinafter, 
once the ratio of the total low level period during 6-sec- so 
ond measurement period reached 37%. Experimental 
results are shown in Figs. 10 to 12 (B). Figs. 10 (A), 1 1 
(A), and 12 (A) indicate changes in voltage output from 
the light receiving element 61c when toner amount was 
90g. 80g. and 70g. respectively Figs. 10 (B). 11 (B). ss 
and 12 (B) show the uppermost surface of the toner 
(i.e., the toner surface) in the toner holding chamber 52, 
when 90g. SOg, and 70g. respectively of toner remains 



in the toner holding chamber. It should be noted that in 
Figs. 10 (A). 1 1 (A), and 12 (A), the high level of voltage 
output from the light receiving element 61c is slightly 
less than 5V because of influence from resistance con- 
nected to the light receiving element 61c in order to 
adjust sensitivity of the light receiving element 61c. 
[01 09] First, when 90g of toner remains in the toner 
holding chamber 52, then as shown in Fig. 10 (B), the 
level of the toner surface is high enough so that toner 
covers almost all of the light transmission window 56. 
Therefore, even if the wiper wipes the light transmission 
window 56, the light transmission window 56 will be 
promptly covered with toner pushed up by the agitator 
53. Accordingly as shown In Fig. 10 (A), the voltage out- 
put from the light receiving element 61c only drops to 
about 4V each time the light transmission window 56 is 
wiped by the wiper 54b, so that the low level period, 
wherein the value is lower than the 3V threshold, is zero. 
The present embodiment is configured to display a 
toner empty notification on the LED of the display panel 
220 shown in Fig. 6. However, when 90g of toner 
remained in the toner holding chamber 52, no toner dis- 
play was performed so it could be confirmed that detec- 
tion of the remaining toner was properly performed. 
[0110] When the amount of the remaining toner 
was SOg. then as shown in Fig 1 1 (B). the level of the 
toner surface is lower so that toner only slightly covers 
the light transmission window 56. Accordingly, directly 
after the wiper 54b wipes the light transmission window 
56. light emitted from the light emitting element 60c 
completely passing through the toner holding chamber 
52 and is received by the light receiving element 61c. As 
shown in Fig. 11 (A), the output voltage of the light 
receiving element 61c drops to nearly OV each time the 
wiper 54b wipes off the 56. However, the total of the low 
level period in the measurement period of 6 seconds is 
1.08 seconds, which is a ratio of only 18%. Since the 
LED did not display a toner empty notification, it could 
be confirmed that detection of the remaining toner 
amount was properly performed. 
[0111] When the amount of remaining toner was 
70g. as shown in Fig. 12 (B) the level of the toner sur- 
face was lower than the light transmission window 56. 
Therefore, in the same manner as when SOg of toner 
remains as shown in Fig. 1 1 (A), directly after the wiper 
54b wiped the light transmission window 56, the light 
emitted from the light emitting element 60c completely 
passes through the opening portions 62a and 62b, and 
is received by the light receiving element 61c. However, 
the light receiving condition is maintained longer when 
only 70g of toner remains, than when SOg of toner 
remains. Accordingly, not only does the output voltage 
from the light receiving element 61c drop to nearly OV 
each time the wiper 54b wipes the light transmission 
window 56. but also each near OV period lasts much 
longer when only 70g of toner remains as shown in Fig. 
12 (A), than when 80g of toner remains as shown Fig. 
11 (A). Then only 70g of toner remained in the toner 
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holding chamber 52, the total low level period lasted 2.2 
seconds of the measured period of 6 seconds, which is 
a ratio of 37%. The LED displayed a toner empty notifi- 
cation, confirming that remaining toner amount was 
properly detected. 

[0112] These experimental results showed that the 
laser beam printer of the present embodiment could 
stably and accurately detect the remaining toner 
amount until the toner empty condition was reached, 
and could accuratley judge when a toner empty condi- 
tion was reached. Also, the measured results shown in 
Figs. 10 (A). 10 (A), and 1 1(A) show that the output from 
the light receiving element 61c Included very little noise 
when output from the light receiving element 61c was at 
a low level. This is because the relative positional rela- 
tionship of the agitator 53 and the cleaning member 54 
is fixed so that the agitator 53 will always be positioned 
on the imaginary second region, I.e., opposite side of 
the verticle plane G than the opening A while the wiper 
54b is wiping the light transmission window 56. That is, 
any toner that has billowed up after the agitator 53 sup- 
plies toner into the opening A. will already have settled 
down by the time the wiper 54b starts wiping the light 
transmission window 56. Because the toner is in a sta- 
ble condition, the surface of the light transmission win- 
dow 56 will be uncontaminated by toner after being 
wiped clean by the wiper 54b. 
[0113] The above-described experiments were 
repeatedly performed and a toner empty condition was 
constantly judged when 70g of toner remained in the 
toner holding chamber 52. Also, even when the initial 
toner amount was increased to 250g and 300g, and 
consecutive image formation was repeatedly performed 
in the above-described manner, a toner empty condition 
was accurately judged when 70g of toner remained in 
the toner holding chamber 52. In this way. in the laser 
beam printer 1 according to the present embodiment, it 
was confirmed that the detection of the remaining toner 
amount was stably performed even over long periods of 
use. 

[0114] The device of the first embodiment can 
accurately detect the residual toner amount at a timing 
when the toner surface has dropped to slightly lower 
than the upper edge of the light transmission window 
56. As the toner is further consumed, and the toner sur- 
face becomes lower, the low level periods of output from 
the light receiving element 61c will increase in duration. 
This feature can be used to notify the user of the 
amount of remaining toner in stepwise manner, so that 
the user will have a better grasp of how much toner is in 
the toner holding chamber 52. For example, the user will 
be able to easily judge whether toner needs to be 
replenished immediately or in the near future, and take 
appropriate action accordingly. 

Experiment 2 

[0115] Here an explanation will be provided for a 



36 

second set of experiments performed to investigate the 
relationship in the device according to the present 
embodiment of external additive and toner fluidity, and 
the relationship of toner fluidity, generation of filming, 

5 and unevenness of toner. 

[0116] A positively chargable non-magnetic single- 
component toner was used in these experiments. The 
toner included toner base particles with a toner diame- 
ter of between 6nm to 10^m, with an average particle 

10 diameter of 8^m. The toner base particles were formed 
by adding a nigrosine charge control agent, carbon 
black and wax. to a styrene acryl resin formed into a 
spherical shape by suspension polymerization. Four dif- 
ferent toner samples were prepared by adding different 

15 types and amounts of silica to the toner base particles, 
each in an amount equivalent to 1 .0% by weight of the 
toner base particles. The fluidity of each toner sample 
was measured. In the first toner sample, silica having a 
BET value of 1 50 was added to the toner base particles 

20 in an amount equivalent to 1 .0% by weight of the toner 
base particles. In the second toner sample, two types of 
silica were added to the toner base particles. That is. sil- 
ica having a BET value of 150 and silica having a BET 
value of 50 were both added, each in an amount equiv- 

25 alent to 1 .0% by weight of toner base particles. In the 
third sample, only silica having a BET value of 50 was 
added to the toner base particles in an amount equiva- 
lent to 1 .0% by weight of the toner base particles. In the 
fourth sample, silica having a BET value of 150 and sil- 

30 ica having a BET value of 100 were both added to the 
toner base particles, each in an amount equivalent to 
1 .0% by weight of the toner base particles. 
[0117] A PTN powder tester manufectured by 
Hosokawa Micron Corporation was used to measure 

35 fluidity of the toner samples. Three types of sifters, hav- 
ing 149nm. 74^m. and 44nm mesh respectively, were 
stacked into three levels, and 4g of each toner sample 
was shaken for 15 seconds. The total percent of toner 
remaining in the three shifters was used as the cohe- 

40 sion rate. The cohesion rate subtracted from 100 was 
used as the index for indicating fluidity. The experimen- 
tal results are shown in Fig. 13. 
[0118] Further, fluidity of the toner sanples was 
also measured subjectively in the following manner. 

45 Using the laser beam printer of the present embodi- 
ment, 15,000 postcards were printed in succession with 
each of the toner samples, while observing the interior 
of the toner holding chamber 52 to investigate uneven- 
ness of the toner in the toner holding chamber 52. Then 

50 printing on the narrow-width postcards, toner was con- 
sumed from the toner holding chamber 52 at a region 
that corresponds to the narrow width of the postcards. 
Tonerfluidity was judged by investigating unevenness in 
the toner level in the toner holding chamber 52 after 

55 printing on the postcards. If the level of toner is quite 
uneven, then this will adversely affect detection of the 
remaining toner amount. Therefore, by investigating the 
unevenness In toner using these experiments, the 
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proper combination of toner and external additive 
appropriate for detecting the amount of remaining toner 
can be determined. 

[0119] Furthermore, printing was consecutively 
performed using each sample until a toner empty condi- s 
tlon was judged. The amount of the toner that remained 
in the toner holding chamber 52 at this time was investi- 
gated. It should be noted that when 70g of new toner 
was housed in the toner holding chamber 52 of the 
developing device used in these experiments, the light io 
receiving means 61 outputted a low level output for a 
total of 2.22 seconds during each 6-second measure- 
ment period. In other words, the light receiving element 
61c output a low level for 37% of the time when 70g of 
toner remained in the toner holding chamber 52. There- is 
fore, during these experiments, the total of the low level 
period was calculated for each S-second measurement 
period, and a toner empty condition was determined 
once the ratio of the total low level period to the 6 sec- 
ond period reached 37%. Accordingly, assuming fluidity 20 
of the toner remains stable, then 70g of toner should 
remain in the toner holding chamber 52 when a toner 
empty condition Is judged. 

[0120] The fluidity shown in Fig. 13 is the index of 
each toner in its initial condition: As shown, the fluidity 25 
index Is 89 for the toner that includes external additive 
with a BET value of 150. This is much higher than the 
fluidity index of 66 for the toner that includes the exter- 
nal additive with a BET value of 50. This shows that the 
fluidity of toner can increased by adding external add!- 3o 
five with a BET value of 100 or more. 
[0121] The fluidity index is 80 for toner including 
both external additive with a BET value of 150 and 
external additive with a BET value of 50. This is slightly 
lower than the fluidity of the toner including only an 35 
external additive having a BET value of 150. This shows 
that toner including both an external additive with a BET 
value of 100 or more and an external additive with a 
BET value of less than 100 has a lower fluidity than 
toner using only an external additive with a BET value of 4o 
100 or more. One possible explanation for this is that 
external additive having a BET value of less than 100 
catch on other toner particles when toner particles rub 
against each other. 

[0122] In contrast to this, the fluidity index is 90 for 45 
toner including both external additive having a BET 
value of 1 50 and external additive having a BET value of 
100. This fluidity index is slightly higher than that for 
toner with only external additive having a BET value of 
150. One possible explanation for this Is that the exter- so 
nal additive having a BET value of 100 is not large 
enough to catch on other toner particles when the toner 
particles rub together, and so is sufficiently utilized with- 
out hindering the fluidity of the external additive having 
a BET value of 150. 55 
[0123] The filming condition on the surface of the 
light transmission windows 56a, 56b, the toner uneven- 
ness. and the amount of toner at toner empty were as 



follows for each different sample. 
[0124] First, toner Inclding external additive with a 
BET value of 150 showed high fluidity in its initial condi- 
tion, so little unevenness in the toner level was observed 
during printing at first. However, unevenness in the 
toner level appeared when the toner empty condition 
was approached. Although a slight amount of filming 
was confirmed on the surface of the light transmission 
windows 56a, 56b. the filming was within a range that 
still enabled proper detection of the remaining toner 
amount. Also, 60g of toner remained when the toner 
empty condition was judged. 

[01 25] One possible explanation for the reduction in 
toner fluidity is that because the external additive used 
has a small particle diameter and so became embed- 
ded into the toner base particle over long periods of use. 
Also, it is conceivable that filming was generated 
because the small diameter external additives could not 
properly remove toner that got under the wiper 54b and 
was saaped against the light transmission windows 
56a, 56b over a long period of time. Further, it is con- 
ceivable that the precision in remaining toner amount 
detection dropped because the fluidity of toner 
increased unevenness of the toner. 
[01 26] It was confirmed that when toner having two 
types to external additive, one with a BET value of 150 
and one with a BET value of 50, was used, filming was 
greatly reduced and printing could be performed from 
the start of printing until a toner empty condition was 
reached without any unevenness in the toner level. Also, 
the amount of the toner remaining when the toner empty 
condition was judged was 70g. tiius confirming that 
detection of remaining toner amount could be main- 
tained in a high precision level. 
[0127] The toner that included both 50 BET value 
external additive and 150 BET value external additive 
had a lower fluidity than toner Including only external 
additive with a BET value of 1 50. However, the toner flu- 
idity was not reduced over a long period of time, con- 
ceivably because tiie 50-BET-value (large particle 
diameter) external additive properly functioned as a 
spacer that reliably prevented the 1 50-BET-value (small 
particle diameter) external additive from being embed- 
ded into the toner base particle. Also, it is conceivable 
that toner that got under tiie edge portion of the wiper 
54b and scraped against the surface of the light trans- 
mission windows 56a, 56b is reliably removed by tiie 
large partide external ackiitive. so that filming could be 
greatly reduced. 

[01 28] The toner sample Including only the 50- BET- 
value external additive had the lowest initial fluidity 
Therefore, a ratiier large amount of unevenness of toner 
was observed at the start of printing. However, tiiere 
was extremely little filming. Only 50g of toner remained 
when the toner empty condition was judged, which indi- 
cates a low precision in detection of the remaining toner 
amount. 

[0129] It is cpnceiN^le that filimjng was. so low 
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because the 50-BET-value (large particle diameter) 
external additive reliably removed any toner scraped 
onto the surface of the light transmission windows 56a, 
56b. Howler, when only the 50-BET-value (large parit- 
cle diameter) external additive was used, the fluidity of 5 
toner was extremely low so that unevenness In toner 
level was generated. 

[01 30] The toner including both 1 50-BET-value and 
100-BET-value external additive showed the highest ini- 
tial fluidity. Therefore, there was little unevenness In 10 
toner at start of printing. However, when the toner empty 
condition was approached, some of unevenness of 
toner was observed. Also, slightly nrK>re filming was 
observed on the surface of the light transmission win- 
dows 56a, 56b than when toner including both 150 -BET- is 
value and 50-BET-vaiue external additive was used. 
Also, 65g of toner remained when the toner empty con- 
dition was judged, which is a slightly reduced precision 
in detection of remaining toner amount. 
[0131] When two types of external additive were 20 
used, the larger particle diameter external additive 
somewhat suppressed the problem of smaller diameter 
particle external additive being embedded Into the toner 
base particle. However, 100-BET-value (larger particle 
diameter) external additive functioned only poorly as a 25 
spacer, so that some external additive became embed- 
ded into the toner base particle. As a result fluidity of 
the toner is somewhat lower, so that unevenness in 
toner level is generated and precision in detection of 
remaining toner amount is somewhat lower. Also, 100- 30 
BET-vaiue external additive has less ability than 50- 
BET-value external additive to remove toner that gets 
under the edge portion of the wiper 54b and is scraped 
against the surface of the light transmission windows 
56a. 56b. 35 
[0132] From the results of experiments such as 
those described above, it can be understood that the 
toner fluidity can be best maintained in a good condition 
over a long period of time, so that detection of the 
remaining toner amount can be always properly per- 40 
formed, when the developing roller 59 and the contact 
portion 64b of the layer thickness regulation blade 64 
are formed from silicone rubber, polymerized toner hav- 
ing an average particle diameter of 8 ^m is used, and 
two types of external additive are included, one type 45 
having a BET value of 150 and the other type having a 
BET value of 50. 

[0133] Incidentally, when thickness of the toner is 
regulated using a corner of a bent piece of stainless 
steel, then unevenness in the toner level increased and so 
inaccurate detection of remaining amount was worse 
than any of the situations shown in Fig. 13. 
[0134] Further, when pulverized toner was used, 
fluidity at the start of printing was worse than any of the 
situations shown in Fig. 13. regardless of what combi- 
nation of external additive was used. Moreover, the 
toner level was even more uneven at the end of experi- 
ments than when toner with only 50-BET'Value external 



additive was used as shown in Fig. 13. In other words, 
high precision detection of rennaining toner amount 
could not be performed. 

[0135] The present invention is not limited to the 
combinations of external additives shown described 
above. Any combination of external additives is accept- 
able. Also, the types of combined external additives is 
not limited to two types. More than two types can be 
combined. 

Experiments 

[0136] Next while referring to Figs. 14(A) through 
14(D), an explanation will be provided for a third set of 
experiments performed to measure the value of voltage 
outputted from the light receiving element 61c in the 
device according to the present embodiment The 
examples shown in Figs. 14 (A) to 14 (D) show the con- 
dition of change in voltage outputted from the light 
receiving element 61c when the space W2 between the 
light transmission windows 56a, 56b and the side end of 
the slide contact member 53b was changed to 1mm, 
2mm, 3mm. and 5mm, respectively. The experimental 
result in Figs. 1 4 (A) to 1 4 (D) show voltage values from • 
the light receiving element 61c when ak^out 70g of toner 
remained in the toner holding chamber 52. which is 
about the toner level indicated by solid tine in Figs. 8(A) 
and 9(A). It should be noted that in Figs. 14 (A) to 14 
(D), the reason the highest output level is smaller than 
5V is because of influence of resistance connected to 
the light receiving element 61c for adjusting sensitivity 
of the light receiving element 61c. 
[01 37] When the space W2 is set to 5mm, then as 
shown in Fig. 14 (D) the voltage output from the light 
receiving element 61c drops to nearly OV each time the 
wiper 54b wipes off the light transmission windows 56a, 
56b. At almost all other times the output voltage is in a 
high level. Although a slight amount of noise can be 
seen even during the high level periods, this noise does 
not result in erroneous detection if the threshold is set 
to, for example, 3V. 

[01 38] In contrast to this, when the space W2 Is set 
to a smallest value of 1 mm, then as shown in Fig. 1 4 (A) 
the voltage output from the light receiving element 61c 
has a large amount of noise during the high level peri- 
ods. This noise can result in poor detection precision. 
As described above, this noise is caused by light being 
transmitted through the light transmission windows 56a. 
56b at the instant that the side end of the slide contact 
member 53b removes toner from the light transmission 
windows 56a, 56b in association with rotation of the agi- 
tator 53. 

[0139] As shown in Figs. 14(B) and 14(C). the level 
of noise generated during high level periods is gradually 
reduced with increase in width of the space W2. How- 
ever, when the space W2 is 2mm wide, the fluctuation in 
noise can reach the threshold value of 3V. When the 
width of the space W2 is set to 3mm. a slight amount of 
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noise is observed but it does not reach the threshold 
value of 3V, so detection precision is not adversely 
effected. From this, it can be said that it is desirable to 
set the width W2 of the value of 3mm or greater, 
[0140] Next, a laser beam printer according to a 
second embodiment will be described while referring to 
Figs. 15 to 21. As shown in Fig. 15, the laser beam 
printer according to the second embodiment includes a 
light blocking member 80 provided rotatable around a 
rotation shaft 65. Other configuration of the laser beam 
printer accading to the second embodiment is substan- 
tially the same as in the laser beam printer 1 according 
to the first embodiment. Like components between the 
first and second embodiments are indicated by the 
same numbering and their explanation is omitted. 
[0141] As shown in Fig. 16, the light blocking mem- 
ber 80 is a blade shape member provided between the 
support member 53a of the agitator 53 and the support 
member 54a of the cleaning member 54. The light 
blocking member 80 is formed from resin, such as ABS 
resin. The light blocking member 80 is formed integrally 
with the agitator 53, the cleaning member 54. and the 
rotational shaft 55 so as to rotate around the axial 
center of the rotational shaft 55 with rotation of the rota- 
tional shaft 55 As shown in Fig. 17, the light blocking 
member 80 is provided only on one end of the rotational 
shaft 55 that is. the end nearest the light generating 
means 60. 

[0142] As shown in Fig. 16, the light blocking mem- 
ber 80 has a large light blocking surface that blocks light 
from the light transmission window 56b immediately 
after the agitator 53 passes the position of the light 
transmission window 56b (56a). and that stops blocking 
light immediately before the cleaning member 54 starts 
cleaning the light transmission window 56b (56a). 
According to the present embodiment, toner housed in 
the toner holding chamber 52 is sutstantially the same 
as that described In the first embodiment. Silica used as 
the external additive has an average particle diameter 
of lOnm and is added in the amount equivalent to 0.6% 
by weight of the toner base particle. The toner is sus- 
pension polymerized toner having a nearly perfectly 
spherical shape. Moreover, silica is added as external 
additive by 0.6% by weight. The silica has an average 
particle diameter of 10mm and is processed to enhance 
hydrophobic nature. Addition of such silica provides the 
toner with excellent fluidity. For this reason, sufficient 
charge amount can be obtained by friction charging. 
Therefore, high transfer rate can be provided and high 
quality images can be formed. 
[0143] As shown in Fig. 1 7, two cutout portions 53d 
are provided in the slide contact member 53b, one at 
either end of the slide contact member 53b in confronta- 
tion with an end of the opening A. Therefore, a portion 
of the slide contact member 53b between the two cutout 
portions 53d. 53d serves as a main transport portion, 
which resiliently enters into the opening A with a snap, 
so that the toner is flicked into the developing chamber 



57. It should be noted that in Fig. 17, the opening A is 
represented by a fully blackened region. 
[0144] The cleaning member 54 is configured to 
simultaneously clean both of the light transmission win- 

5 dows 56b, 56a. Also, the light blocking member 80 
blocks the light pathway only during the last half of the 
interval between consecutive cieansings of the light 
transmission windows 56b. 56a. The light receiving con- 
dition of the light receiving element 61c is graphically 

10 shown in Rg. 18. 

[01 45] The configuration of the second emboidment 
will be described in more detail below while referring to 
Figs. 19 through 21. Fig. 19 shows the condition when 
the cleaning member 54 simultaneously cleans the two 

75 light transmission windows 56b, 56a. The period TO is 
used to represent the time period from the condition 
shown in Fig. 19 until the cleaning member 54 rotates 
360 degrees again into the same condition shown in 
Fig, 19 to start the next cleaning operation. The period 

20 TO is divided into a front half period TO/2 and a latter 
half period TO/2, 

[0146] The light blocking member 80 according to 
the second embodiment is configured to only cover the 
light transmission windows during the latter half period 

25 TO/2, and not during the front half period TOy2. The rea- 
son for this configuration is that it would be impossible to 
accurately detect the amount of the remaining toner if 
something other than toner (such as the light blocking 
member 80) blocked the light transmission windows 

30 56b, 56a during the front half portion of the period TO/2. 
On the other hand, during the latter half period TO/2, 
there is a possibiRty that the agitator 53 might wipe toner 
off the light transmission windows 56b, 56a when the 
agitator 53 passes by the light transmission windows 

35 56b, 56a during the latter half period TO/2. If light is 
allowed to pass through the light transmission windows 
56b, 56a to the light receiving element during the latter 
half period, then it becomes impossible to reliably detect 
amount of remaining toner. However, because the light 

40 blocking member 80 according to the second embodi- 
ment is disposed to block the light transmission win- 
dows 56b, 56a during the latter half period TO/2, 
accurate detection is possible even if the agitator 53 
may wipe toner off the light transmission windows 56b, 

45 56a. With the configuration of the present embodiment, 
the amount of remaining toner can be reliably detected 
regardless of environmental conditions or length of use. 
[01 47] Also, the agitator 53, the light blocking mem- 
ber 80, and the cleaning member 54 are all deposed on 

50 the same rotational shaft 55 separated by a fixed angu- 
lar phase difference. Therefore, the configuration can 
be simplified. Also, light can be blocked by the light 
blocking member 80 periodically at a cycle equivalent to 
the cleaning cycle performed by the cleaning member 

55 54. The light blocking member 80 is disposed on the 
rotational shaft 55 at a position immediately upstream 
from the agitator 53 with respect to the rotational direc- 
tion of the rotational shaft 55. Moreover, the light block- 
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ing member 80 is disposed downstream from the 
cleaning member 54 on the rotational shaft 55 with 
respect to the rotational direction of the rotational shaft 
55. Further, as shown in Fig. 17, the light blocking mem- 
ber 80 is disposed at the tip end of the opening A with 
respect to the axial direction of the rotational shaft 55. 
Because the light blocking member 80 is disposed in an 
area that does not Influence circulation transport of 
toner, the light blocking member 80 does not act as a 
barrier that blocks transport of toner. Therefore, uneven- 
ness in the toner transport amount can be prevented. 
The light blocking member 80 can alternativley be dis- 
posed at a position outside the tip position of the open- 
ing portion A in the lengthwise direction of the opening 
A. 

[0148] Next, a detailed explanation will be provided 
for operations performed by the third embodiment, 
centering on detection of remaining toner, and opera- 
tion of the agitator 53 and the cleaning member 54. 
[0149] If sufficient amount of toner fills the toner 
holding chamber 52. that is, when the toner surface is 
higher than the light transmission windows 56a. 56b as 
indicated by dotted line in Fig. 1 9, even though the wiper 
54b of the cleaning member 54 operates to wipe off the 
surface of the light transmission windows 56a, 56b, light 
emitted from the light emitting element 60c does not 
pass through the toner holding chamber 52 because a 
sufficient amount of toner is held between the light 
transmission windows 56a. 56b. Therefore, the output 
from the light receiving element 61d will not fluctuate. 
[01 50] If the toner has been used for a long time or 
environmental conditions are poor, then it is conceivable 
for the agitator 53 to transport toner at the vicinity of the 
light transmission windows 56a, 56b to provide an open 
space between the light transmission windows 56a and 
56b when the agitator 53 passes by the position of the 
light transmission windows 56a, 56b as a result of rota- 
tion of the agitator 53 from the position shown in Fig. 21 
to the position shown in Fig. 16. However, as shown in 
Fig. 16. the light blocking member 80 blocks the light 
pathway between the light transmission windows 56a. 
56b while the agitator 53 moves from the position indi- 
cated in Fig. 21 to the position indicated in Fig. 16. 
Accordingly, even if the agitator 53 transports toner in 
the vicinity of the light transmission windows 56a. 56b 
when the agHator passes by. the output of the light 
receiving element 61c will remain at a high level so that 
the output will not change into a noise condition. 
[0151] Next, an explanation will be provided for 
operations performed with toner level near the position 
of the light transmission windows 56a, 56b as indicated 
by a solid line of Fig. 19. In this case also, when the 
wiper 54b reaches the position shown in Fig. 20. then 
the transport surface of the slide contact member 53b 
presses the toner in the direction indicated by the arrow 
B in Fig. 20, so that toner covers the light transmission 
windows 56a. 56b. The duration of time that the pressed 
up toner covers the light transmission windows 56a. 56b 



depends on the amount of toner. 
[0152] Light passes through the light transmission 
windows 56a, 56b until the agitator 53 rotates into the 
position shown in Fig. 21. Then, according to the sec- 
5 ond embodiment, the light blocking member 80 as 
shown in Fig. 16 blocks the light pathway between the 
light transmission windows 56a. 56b while the agitator 
53 rotates from the position shown in Fig. 21 to the posi- 
tion shown in Fig. 16. Because the light blocking mem- 
10 ber 80 blocks the light pathway between the light 
transmission windows 56a, 56b at the same cycle as 
the cleaning cycle period of the cleaning member 54 
regardless of the level of the toner surface, the output 
from the light receiving element 61c is maintained at a 
15 high level until the cleaning member 54 reaches the light 
transmission windows 56a, 56b. Therefore, there will be 
a sharper partition between the period for measuring 
the amount of remaining toner and the period where this 
measurement does not occur, so that the amount of 
20 remaining toner can be reliably detected. 

[01 53] It should be noted that in the second embod- 
iment the light blocking member is disposed within the 
developing device 50. However, the light blocking mem- 
ber can be provided on a main frame of the image form- 
25 ing device. In this case, a shutter that blocks 
transmission of light through the light transmission win- 
dows can be provided on the main frame of the image 
forming device and the shutter can be configured to 
open and close the transparent windows in the same 
30 cycle as the cleaning cycle of the cleaning member 54. 
Also, in the foregoing embodiments a light pathway 
between the light emitting element 60c and the light 
receiving element 61c is substantially horizontal. How- 
ever, the light pathway having a vertical orientation is 
35 also available. 

[0154] Next, a developing device according to a 
third embodiment of the present invention will be 
described with reference to Figs. 22 (A) to 22 (C). Uke 
parts and components are designated by the same ref- 
40 erence numerals as those shown in the first embodi- 
ment. 

[0155] The third embodiment differs from the first 
embodiment in that, as shown in Fig. 22 (B). the agitator 
53 and the cleaning member 54 orient the same direc- 

45 tion with respect to the vertical plane G. With this config- 
uration, when the wiper 54b is wiping the light 
transmission window 56. the agitator 53 is positioned 
above the light transmission window horizontal plane H, 
that is, the agitator 53 is positioned in a region IV as 

50 indicated by a hatching in Rg. 22 (C). 

[0156] The device according to the third embodi- 
ment was subjected to the same experiments and under 
that same experimental conditions as the device of the 
first embodiment. That is, the toner holding chamber 52 

55 was initially filled with 200g of toner and image forma- 
tion was consecutively performed until only 70g of toner 
remaining in the toner holding chamber 52. The output 
voltage value off the light receiving element 61c was 
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measured while only 70g of toner remaining in the toner 
holding chamber 52, and the measurements are shown 
in Fig. 22 (A), Fig. 22 (B) schematically shows positional 
relationship between the agitator 53, the cleaning mem- 
ber 54. and the position of the toner surface when the 5 
toner reached 70g. Also, in the same manner as Fig, 8 
(B). Fig. 22 (C) divides the inside of the toner holding 
chamber 52 into four regions I to IV by the vertical plane 
G and the light transmission window horizontal plane H 
for explaining the position of the agitator 53 when the w 
wiper 54b is wiping the light transmission window 56. 
[0157] According to the third embodiment, the agi- 
tator 53 does not press toner toward the light transmis- 
sion window 56 while the wiper 54b is wiping the light 
transmission window 56. Therefore, low level periods 15 
appear in the output from the light receiving element as 
shown in Fig. 22 (A), which indicate detection of an 
toner empty condition. However, as shown in Fig, 22 
(B). the slide contact member 53b will snap out of its 
bent condition when the slide contact portion 53b sepa- 20 
rates from the front wall 52b of the toner holding cham- 
ber 52. Any toner on the slide contact member 53b will 
billow up into a cloud condition with the snapping action, 
and then drop down aftenward. Accordingly, as shown in 
Fig. 22 (A), the output of the light receiving element 61 c 25 
of the present embodiment will include much more 
noise than the light receiving element 61c of the device 
of the first embodiment as shown in Fig. 7. 
10158] Next, a developing unit according to a fourth 
embodiment of the present invention will be described 30 
with reference to Figs. 23 (A) to 23 (C). 
[0159] The present embodiment differs from the 
first embodiment in that, as shown in Fig. 23 (B), the 
agitator 53 and the cleaning member 54 have a phase 
angle of more than 1 80 degrees. With this configuration, 35 
the agitator 53 will be positioned in the region II as indi- 
cated by hatching in Fig. 23 (C) while the wiper 54b is 
wiping the light transmission window 56. 
[0160] The device according to the fourth embodi- 
ment was subjected to the same experiments and under 40 
that same experimental conditions as the device of the 
first embodiment. That is, the toner holding chamber 52 
was initially filled with 200g of toner and image forma- 
tion was consecutively performed until only 70g of toner 
remaining in the toner holding chamber 52. The output 45 
voltage value of the light receiving element 61c was 
measured while only 70g of toner remains in the toner 
holding chamber 52. and the measurements are shown 
in Fig. 23 (A). Fig. 23 (B) schematically shows positional 
relationship between tiie agitator 53. the cleaning mem- so 
ber 54, and the level of the toner surface when the toner 
reached 70g. 

[0161] With the configuration of tiie fourth embodi- 
ment, toner does not drop off the agitator 53 while the 
wiper 54b is wiping off the light transmission window 56. 55 
Therefore, as shown in Fig. 23 (A), almost no noise is 
generated in the output from tiie light receiving element 
61c. However, when the level of the toner surface is 



directly below the light transmission window 56 as 
shown by a solid line in Fig. 23(B). then tiie agitator 53 
will push toner toward the light transmission window 56 
immediately after the wiper 54b wipes off the light trans- 
mission window 56. Therefore, as shown in Fig. 23 (A), 
no low level period appears in the output from the light 
receiving element, and a toner empty condition is not 
detected while the level of the toner is immediately 
below the light transmission window 56. However, when 
the toner surface is sufficientiy below tiie light transmis- 
sion window 56 as Indicated by the two-dot chain line in 
Fig. 23 (B), then a low level period will appear in the volt- 
age output from the light receiving element, and a toner 
empty condition can be stably detected. Therefore, 
afthough the fourth embodiment enables detection of 
remaining toner amount, it is not as easy to manage tiie 
details of tiie remaining toner level as with the configu- 
ration of the first embodiment 

[0162] Next, a comparative example will be 
described to compare with the first to fourth embodi- 
ments while referring to Figs. 24 (A) to 24 (C). In this 
comparative example, a device was used with configu- 
ration similar to tiie device of the first errtjodiment, 
except that the positional relationship of the agitator and 
the cleaning member is different from the tiiat of the agi- 
tator 53 and the cleaning member 54 in the first embod- 
iment. In particular, ttie conparative example differs 
from tiie first embodiment in that, as shown in Fig 24 
(B), the agitator 53 and the cleaning member 54 have a 
phase angle of 270 degrees so that the agitator 53 is 
disposed in the region III as indicated by hatching in Fig. 
24 (C) while the wiper 54b is wiping the light transmis- 
sion window 56. 

[0163] The device of tiie comparitive example was 
subjected to the same experiments under the same 
conditions as the device of the third embodiment. The 
experimental results of the comparative example are 
shown in Rg. 24 (A). Fig. 24 (A) shows changes in out- 
put voltage from the light receiving element 61c when 
70g of toner filled toner holding chamber. 
[0164] With the configuration of the comparitive 
example, toner does not fall from the agitator 53 while 
the wiper 54b is wiping the light transmission window 
56. Therefore, as shown in Fig. 24 (A), almost no noise 
is generated in the output of the light receiving element 
61c. However, because the agitator 53 pushes up the 
toner during tiie time the wiper 54b is wiping the light 
ti-ansmission window 56. Even if the wiper 54b properly 
wipes the light transmission window 56, the pushed up 
toner will promptiy dirty the light transmission window 
56 so that light is prevented from passing through tiie 
window. Accordingly, as shown in Fig. 24 (A), no low 
level periods will appear in the output from the light 
receiving element, and no toner empty condition will be 
detected, until almost no toner remains in the toner 
holding chamber. Therefore, this comparative example 
will only notifies the user that a toner empty condition 
exists after printed images have already started to 
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become faint. 

[0165] It should be noted that although each of the 
above-described embodiments described the light 
transmission window 56 as being disposed on the same 
side of the vertical plane G as the opening A. i.e.. the s 
imaginary first region, the light transmission window 56 
can be disposed on the opposite side of the vertical 
plane G from the opening A. i.e.. the imaginary second 
region provided that (1) the agitator 53 is positioned on 
the opposite side of the vertical plane G than the open- io 
ing A. i.e., in the Imaginary second region while the 
wiper 54b is wiping off the light transmission window 56, 
(2) the release of bending of the slide contact member 
53b only occurs in the imaginary first region. With this 
arrangement, the agitator 53 is positioned above the is 
light transmission window 56. However, any toner on the 
slide contact member 53b will be almost completely 
removed when the slide contact member 53b Is snaps 
out of its bent condition while the agitator 53 is in the 
imaginary first region. Therefore, the light transmission so 
window 56 will not be contaminated by toner falling from 
the slide contact member 53b. 

[01 66] Next, a developing device according to a fifth 
embodiment of the present invention will be explained 
while referring to Figs. 25 to 29. ^5 
[0167] As shown in Fig. 25. the developing device 
according to the fifth embodiment has substantially the 
same configuration as the device of the second embod- 
iment. Like components between the fifth and second 
embodiments will be indicated using the same number- 30 
ing, and explanation omitted. 

[0168] As shown in Fig. 25, the developing device 
according to the fifth embodiment has a first agitator 90. 
which has the same configuration as the agitator 53 of 
the first embodiment, and also a second agitator 91. 35 
The second agitator 91 is formed integrally with a sup- 
port member 90a of the first agitator 90, and includes a 
support member 91a and a transport portion or a sec- 
ond blade 91b . The support member 91a is formed 
from a resin, such as ABS resin, and rotates in associa- 40 
tion with rotation of the support member 90a. As seen 
best in Fig. 26. the support member 91a is attached at 
the lengthwise center of the support member 90a 
(widthwise center portion of the toner holding chamber 
51 ). The transport member 91 b is formed from PET into 45 
a sheet shape attached to the support member 91 a. As 
the rotational shaft 55 rotates, the transport member 
91b raises toner in the toner holding chamber 52 
upward to the opening A before the sliding contact por- 
tion 90b does. Therefore, the configuration of the fifth so 
embodiment has a greater capability to transport toner 
from the toner holding chamber 52 to the developing 
chamber 57 in the central portion than at the end por- 
tions in the lengthwise direction of the support member 
90a. 

[0169] First, an explanation will be provided for 
when toner holding chamber 52 is filled with a sufficient 
amount of toner, and the level of the toner surface is 



higher than the light transmission windows 56a. 56b as 
indicated by dotted line in Fig. 27. In this case, as shown 
in Fig. 29. the transport member 91b presses toner up 
toward the opening A before the first agitator 90. There- 
fore, toner is first pressed up toward the opening A at 
the widthwise center of the toner holding chamber 52. 
Next, after the second agitator 91 passes the opening 
A. then the second agitator 91 transports toner in the 
widthwise center the toner holding chamber 52 into the 
developing chamber 57. At this time, the slide contact 
member 90b of the first agitator 90 pushes up toner 
from the entire widthwise region of the toner holding 
chamber 52 while contacting the inner surface of the 
toner holding chamber 52. and approaches the opening 
A. Once the slide contact member 90b of the first agita- 
tor 90 passes the opening A, toner along the entire 
region in the widthwise direction of the toner holding 
chamber 52 is transported to the developing chamber 
57. 

[01 70] Accordingly, the second agitator 91 first sup- 
plies toner to the widthwise center of the developing 
chamber 57. Immediately aftenwards, the first agitator 
90 supples toner across the entire widthwise region of 
the developing chamber 57. Therefore, pressure at 
which toner is pressed into the developing chamber is 
strongest at the widthwise center of the developing 
chamber 57. The polymerized toner, which is used in 
this fifth embodiment, has extremely high fluidity as 
described above. When the polymerized toner is 
pressed with a high pressure at the center, toner at the 
ends of the developing chamber 57 flows back into the 
toner holding chamber 52 from the ends of the qpening 
A. In other words, the toner circulates from the center to 
the widthwise ends of the developing chamber 57, that 
is, in the lengthwise direction of the developing roller 59. 
Toner can be reliably circulated out from lengthwise erid 
portions of the developing chamber 57, where toner is 
consumed in only small amounts by printing. As a 
result, good printing can be performed without degrada- 
tion off the toner due to accumulation at the lengthwise 
end portions of the developing chamber 57 for long peri- 
ods before being used for printing. 
[0171] According to experiments, if the second agi- 
tator 91 is formed less than 1/4 the width of the opening 
A, then toner does not circulate from the lengthwise 
center to the lengthwise end portions of the developing 
chamber 57. Also, if the second agitator 91 is formed 
sealer than 3/4 the width of the opening A, then toner 
slops circulating in the lengthwise direction. Experimen- 
tal results proved that it is desirable for the second agi- 
tator 91 to be formed to about 1/2 the width of the 
opening A. In the present embodiment, the second agi- 
tator 91 is formed to about 4/9 the width of the opening 
A. In experiments performed for investigating the rela- 
tionship between the widths of the second agitator 91 
and the opening A. a developing unit was prepared by 
cutting off the top of the toner holding chamber to visu- 
ally confirm internal toner circulation. Durability tests, 
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such as printing 10.000 sheets were also performed. 
Upon evaluating the resultant Images, print fogging was 
obsen/ed at the edges of the sheets when the second 
agitator was smaller that 1/4 the width of the opening A 
or when the second agitator was larger than 3/4 the 5 
width of the opening A. Some slight fogging was 
observed at the edges of sheets printed during durabil- 
ity tests wherein the second agitator had a width 1/4 or 
3/4 the width of the opening A. but in sufficiently small 
amounts to enable practical use of such a printer. Also, w 
some toner circulation was observed when new toner 
was used in a device with a second agitator smaller 
than 1/4 or larger than 3/4 the width of the opening A. 
However, when fluidity of the toner decreased during 
the durability tests, sometimes the circulation became 15 
unstable or stopped altogether. As described above, it 
was understood that it is desirable to form the second 
agitator 91 to a width that is 1/4 or more, or 3/4 or less 
the width of the opening A. 

[0172] The configuration of the present embodi- 20 
ment can improve toner circulation without reducing the 
height of a partition wall 53 indicated in Figs. 25, that is, 
the lower edge of the opening A between the developing 
chamber 57 and the toner holding chamber 52. There- 
fore, sufficient toner will always be suplied to the devel- 2s 
oping roller 59 so that images can be formed with a 
stable density. 

[01 73] Because the upper edge of the wall 53 of the 
opening A is higher than an upper end of the toner sup- 
ply roller 58, the amount of polymerized loner that 30 
returns from the development chamber 57 back into the 
toner holding chamber 52 by gravity is suppressed. 
Toner will always be supplied In sufficient amounts to 
the developing roller 59. Furthermore, toner can be 
properly circulated along the entire width of the develop- 35 
ment chamber 57, even if the upper edge of the wall 53 
of the opening A is low. Therefore, toner can be reliably 
prevented from dwelling in pockets of the development 
chamber 57, where it could become old and defective. 
[0174] Also, because the first agitator 90 is config- 4o 
ured to have a width larger than the width of the opening 
A, toner will always be sufficiently supplied across the 
entire width of the developing chamber 57. Moreover, 
because toner is properly circulated along the length of 
the developing roller 59. unevenness in toner supply will 45 
not be generated and line-shaped unevenness in image 
density will not be generated during printing. Further- 
more, the free end of the transport member 91b of the 
second agitator 91 and the free end of the slide contact 
member 90b of the first agitator 90 are configured to so 
penetrate into the developing chamber 57 through the 
opening A upon release of deformation of the transport 
member 91b and the slide contact member 90b. There- 
fore, toner will be suitably pushed into the developing 
chamber 57 so that the toner circulation can be 55 
improved. 

[0175] The free end portion of the transport mem- 
ber 91b of the second agitator 91 and the slide contact 



member 90b of the first agitator 90 are formed from a 
resin sheet of PET, and these sheets are formed thicker 
than 50 ^xm, because experimental results showed that 
toner is insufficiently supplied to the developing cham- 
ber 57 when the sheet is formed thinner than 50 ^m. In 
the illustrated embodiment, the slide contact member 
90b is formed thicker than 50 ^m, and therefore, toner 
can be sufficiently supplied to the developing chamber 
57. Also, the slide contact member 90b is formed thin- 
ner than 100 ^m, otherwise the slide contact member 
90b generates noise when its deformation is released. It 
was understood from experimental results that 75 urn is 
the optimum thickness of the slide contact member 90b. 
[01 76] /\ssuming that the toner is transported more 
to the widthwise ends than to the widthwise center of 
the developing chamber 57, then toner supplied from 
widthwise ends meet at the widthwise center. Uneven- 
ness in image density appears at the widthwise center 
of printed images. On the contrary according to the fifth 
embodiment, toner does not collide against itself at the 
widthwise center, and therefore, unevenness in image 
density can be reliably prevented. 
[0177] The fifth embodiment provides the second 
agitator 91 to strengthen supply of toner to the width- 
wise center of the developing roller 59. However, vari- 
ous modifications may be conceivable to this effect. For 
example, more agitators can be provided in the width- 
wise center. Also, there is no need to provide a plurality 
of agitators. For example, a single agitator can be pro- 
vided with a radial length, that is, the length from the 
rotational axis to the free end of the sliding contact por- 
tion, longer at the widthwise center than at the width- 
wise ends. Alternatively, a single agitator can be 
provided with the surfece of the sliding contact portion 
machined in a mesh, wherein the mesh is more open at 
the widthwise ends than at the widthwise center 
[0178] While the invention has been described in 
detail and with reference to specific ent>odiments 
thereof, it would be apparent to those skilled In the art 
that various changes and modifications may be made 
therein without departing from the sprit and scope of the 
invention. 

Claims 

1 . A developing device comprising: 
a developing housing; 

a developing agent container connected to and 
positioned beside the developing housing and 
formed with an opening in communicatfon with 
the developing housing, the developing agent 
container having a container wall and an inner 
surface defining an developing agent accumu- 
lation space; 

a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 
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as to detect an amount of the developing agent 
In the developing agent container; 
a cleaning member disposed in the developing 
agent container and rotatable at a constant 
angular velocity about a rotation axis in a direc- s 
tlon to move upward when passing beside the 
opening, the cleaning member being movable 6. 
to a cleaning position in sliding contact with the 
light transmission window for cleaning the light 
transmission window, the developing agent io 
accumulation space being divided into an 
imaginary first region and an imaginary second 
region by an imaginary vertical plane passing 
through the rotation axis and extending in an 
axial direction of the rotation axis, the imagi- is 
nary first region being in communication with 
the opening, and the imaginary second region 
being positioned opposite the opening with 
respect to the imaginary vertical plane; and 
a developing agent agitating and transferring 20 
member disposed in the developing agent con- 
tainer for agitating the developing agent In the 
developing agent container and transferring the 
developing agent to the developing housing, 
the developing agent agitating and transferring 25 
member comprising a blade movable with 
respect to the inner surface of the developing 
agent container, the Wade being rotatable 
about the rotation axis of the cleaning member 
at a constant angular velocity equal to the 30 
angular velocity of the cleaning member, the 
blade being spaced away from the cleaning 
member in such a manner that the blade is 
positioned in the imaginary second region 
when the cleaning member is in the cleaning 35 
position. 

The developing device as claimed in daim 1, 
wherein the blade is formed of a flexible material 
and is detormable in sliding contact with the inner 40 
surface of the developing agent container, a release 
of deformation of the blade occurring only when the 
blade Is in the imaginary first region. 

The developing device as claimed in claim 1 or 45 
claim 2. wherein the window is positioned In the 
imaginary first region. 

The developing device as claimed in any one of the 
preceding claims, wherein the blade and the inner so 
surface of the developing agent container provides 
a first friction coefficient, and the cleaning member 
and the light transmission window provide a second 
friction coefficient higher than the first friction coef- 
ficient 

The developing device as claimed in any one of the 
preceding claims, wherein the blade provides a first 
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pressure with respect to the inner surface of the 
developing agent container, and the cleaning mem- 
ber provides a second pressure with respect to the 
light transmission window, the first pressure being 
lower than the second pressure. 

A developing device comprising: 
a developing housing; 

a developing agent container connected to and 
positioned beside the developing housing and 
formed with an opening in communication with 
the developing housing, the developing agent 
container having a container wall arwd an inner 
surface defining an developing agent accumu- 
lation space; 

a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 
as to detect an amount of the developing agent 
in the developing agent container; 
a cleaning member disposed in the developing 
agent container and rotatable at a constant 
angular velocity about a rotation axis In a direc- 
tion to move upward when passing beside the 
opening, the cleaning member being movable 
to a cleaning position in sliding contact with the 
window for cleaning the light transmission win- 
dow, the developing agent accumulation space 
being divided into an imaginary first region and 
an imaginary second region by an imaginary 
vertical plane passing through the rotation axis 
and extending in an axial direction of the rota- 
tion axis, the Imaginary first region including 
the opening, and the imaginary second region 
being positioned opposite the opening with 
respect to the Imaginary vertical plane; and 
a developing agent agitating and transferring 
member disposed in the developing agent con- 
tainer for agitating the developing agent in the 
developing agent container and transferring the 
developing agent to the developing housing, 
the developing agent agitating and transferring 
member comprising a blade nrKJvable with 
respect to the Inner surface of the developing 
agent container, the blade being rotatable 
about the rotation axis of the cleaning member 
at a constant angular velocity equal to the 
angular velocity of the cleaning member, the 
light transmission window being positioned in 
the imaginary first region, and the blade being 
spaced away from the cleaning member in 
such a manner that the blade is positioned 
higher than the light transmission window when 
the cleaning member is in the cleaning posi- 
tion. 

\ The deveiqping device as claimed in claim 5. 
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wherein the developing agent comprises non mag- 
netic single component toners, and at least two 
kinds of additives having particle diameter different 
from each other. 

5 

8. The developing device as claimed in any one of the 
preceding claims. 

wherein the developing agent container has a width 
extending in a widthwise direction of an image 
recording sheet, and the light transmission window io 
having a window plane extending in a direction per- 
pendicular to the widthwise direction, the develop- 
ing agent agitating and transferring member being 
positioned spaced away from the light transmission 
window by a predetermined distance in the width- is 
wise direction. 

9. The developing device as claimed in claim 8, 
wherein the cleaning member has a width in the 
widthwise direction, the width of the cleaning mem- 20 
ber being greater than the predetermined distance. 

10. The developing device as claimed in claim 8 or 
claim 9, wherein the predetermined distance 
ranges from 3mm to 1 0mm. 2s 

11. The developing device as claimed in claim 1 or 
claim 6. further comprising a developing agent car- 
rying member disposed in the developing housing 
and having a longitudinal length extending in a 30 
widthwise direction of an image recording sheet. 

the opening having a length corresponding to the 
longitudinal length of the developing agent can-ying 
member, and 

wherein the container wall of the developing agent 35 
container includes confronting side walls at width- 
wise ends in the widthwise direction, the light trans- 
mission window being disposed at each side wall to 
allow the detection light to pass through the respec- 
tive light transmission windows, and 40 
wherein the developing agent comprises polymer- 
ized toners produced by the polymerization 
method. 

12- The developing device as claimed in claim 11, 45 
wherein the developing agent comprises non mag- 
netic single component toners in which are added 
to the polymerized tones at least two kinds of exter- 
nal additives including additive having a BET value 
less than 100. so 

13. The developing device as claimed in claim 11. 
wherein the developing agent comprises non mag- 
netic single component toners in which are added 
to the polymerized tones at least a first kind of addi- ss 
tive having a minimum particle diameter and a sec- 
ond kind of additive having a particle diameter 
greater than that of the first kind of additive, addition 



of the first and second additives to the polymerized 
toners providing a fluidity lower than a fluidity pro- 
vided by the addition of only the first kind of additive 
to the polymerized toners. 

14. The developing device as claimed in claim 1 or 6. 
wherein the light transmission window is protruded 
inwardly with respect to the container wall toward a 
center of the developing agent accumulation space. 

15. The developing device as claimed in claim 14, 
wherein the cleaning member comprises a cleaning 
segment made from a resilient material and In slid- 
ing contact with the light transmission window with 
a first flexed shape, the cleaning segment being 
also in sliding contact with the inner surface of the 
developing agent container with a second flexed 
shape whose flexing degree is lower than that of the 
first flexed shape. 

16. The developing device as claimed in claim 14 or 
claim 1 5 further comprising a developing agent car- 
rying member disposed in the developing housing 
and having a tangitudinal length extending in a 
widthwise direction of an image recording sheet, 
the opening having a length corresponding to the 
longitudinal length of the developing agent carrying 
member, and 

wherein the container wall of the developing agent 
container includes confronting side walls at width- 
wise ends in the widthwise direction, the light trans- 
mission window being disposed at each side wall to 
allow the detection light to pass through the respec- 
tive light transmission windows. 

17. The developing device as claimed in any one of 
claims 14. 15 or 16. wherein an angled step is pro- 
vided at a boundary between the inner surface of 
the developing agent container and the light trans- 
mission window. 

18. The developing device as claimed In any one of 
claims 1 4 to 1 7. wherein the developing agent com- 
prises developing toners and at least two kinds of 
additives having particle diameters different from 
each other, and 

wherein the light transmission window is formed of 
a glass at a portion in contact with the cleaning 
member. 

19. The developing device as claimed in claim 1 or 6. 
wherein the developing toner comprises a non 
magnetic single component toner, and the develop- 
ing device further comprising: 

a developing agent carrying member disposed 
In the developing housing for carrying thereon 
the d^eloping agent supplied from the devel- 
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oping agent container into the developing 
housing through the opening; and 
a thickness regulation member disposed in 
confrontation with the developing agent carry- 
ing member to regulate a thickness of a layer of s 
the developing agent formed on the developing 
agent carrying member, the thickness regula- 
tion member having a pressing segment 
formed of a rubber pressing against the devel- 
oping agent carrying member. io 

20. The developing device as claimed in claim 19. 
wherein the developing agent carrying member is 
formed of an electrically conductive rubber nnate- 

riah 

21- The developing device as claimed in claim 19 or 
claim 20. wherein the developing agent comprises 
developing toners and at least two kinds of addi- 
tives having particle diameters different from each 20 
other. 

22. The developing device as claimed in claims 7, 18 or 
21 . wherein the at least two kinds of additives com- 
prise a first kind of additive having a minimum parti- 25 
die diameter and a second kind of additive having a 
particle diameter greater than that of the first kind of 
additive, addition of the f irst and second additives to 
the developing toners providing a fluidity lower than 

a fluidity provided by the addition of only the first so 
kind of additive to the developing toners. 

23. The developing device as claimed in claim 22. 
wherein the second kind of additive include a main 
component formed of an oxide material selected 3S 
from the group consisting of silica, alumina, and 
titanium oxide. 

24. The developing device as claimed in claim 19, 
wherein the pressing segment is formed of a sili- 40 
cone rubber. 

25. The developing device as claimed in claims 6. 14 or 
19, wherein the developing agent comprises polym- 
erized toners produced by a polymerization 45 
method. 

26. The developing device as claimed in claim 25. 
wherein the cleaning member comprises a cleaning 
segment made from a resilient material and having so 
an angled free end in sliding contact with the light 
transmission window, the cleaning segment being 
flexed in sliding contact with the light transmission 
wirxlow. 

55 

27. The developing device as claimed in claim 26, 
wherein the cleaning segment is made from an ure- 
thane rubber. 



28. The developing device as claimed in claim 1 or 
daim 6. wherein the cleaning member performs 
cleaning to the light transmission window at a pre- 
determined cycle, and 

the developing device further comprising a 
shielding member movably disposed in the 
developing agent container and shielding the 
light transmission window for a predetermined 
period in timed relation with the predetermined 
cycle. 

29. The developing device as claimed in claim 28, 
wherein the shielding member is rotatable about 
the rotation axis of the cleaning member. 

30. The developing device as claimed in claim 29. 
wherein the light transmission window comprises a 
light emission side window and a light receiving 
side window in confrontation therewith, and 
wherein the cleaning member is in contact with the 
light emission side window and the light receiving 
side window, and 

wherein one cleaning cycle starts when the clean- 
ing member is brought into contact with the light 
emission side and the light receiving side windows 
and is ended upon 360 degree rotation from the 
start, a front half cleaning cycle and a rear half 
cleaning cycle being defined in the one cleaning 
cycle, the shielding member being angularly 
spaced away from the cleaning member in such a 
manner that the shielding member shields the light 
transmission windows at the rear half cleaning 
cycle. 

31. The developing device as claimed in claim 30 or 
daim 31. wherein the shielding mentor is angularly 
spaced away from the blade, and is positioned rear- 
wardly of the blade in the direction of rotation of the 
blade and the shielding member. 

32- The developing device as claimed in any one of 
daims 28 to 31. wherein the opening has an elon- 
gated rectangular cross section having a vertical 
edgeline, and the shielding member is positioned at 
a position at the vertical edgeline or at a position 
outwardly of the vertical edgeline with respect to a 
widthwise direction of an image recording sheet. 

33. The developing device as claimed in claim 1 or 
claim 6, wherein the developing agent comprises 
polymerized toner produced by a polymerization 
method, and 

wherein the developing agent agitating and trans- 
ferring member further comprises means for pro- 
moting a transferring efficiency of the developing 
agent from the developing agent container to the 
developing housing at a center portion of the open- 
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ing in comparison with the efficiency at end portions 
of the opening, the center and the end portions 
being referred in terms of a widthwise direction of 
an image recording sheet. 

5 

34. The developing device as claimed in claim 33. 
wherein the promoting means comprises a supple- 
mental blade provided rotatably about the rotation 
axis of the cleaning member, the blade having a 
length in the widthwise direction equal to or greater io 
than a widthwise length of the opening, and the 
supplemental blade having a length in the width- 
wise direction smaller than the widthwise length of 

the opening, and positioned at a center portion 
thereof, 75 

35. The developing device as claimed in claim 34, 
wherein the blade and the supplemental blade have 
free ends insertable into the opening when these 
blades pass through the opening. bo 

36. The developing device as claimed in claim 34 or 
claim 35 further comprising: 

a developing agent carrying member disposed 25 
in the developing housing; and 
a developing agent supplying member dis- 
posed in the developing housing and posi- 
tioned between the opening and the developing 
agent can-ying member for supplying the devel- 30 
oping agent transferred through the opening to 
the developing agent carrying member, the 
developing agent supplying member having an 
upper end; and 

wherein the opening has a rectangular cross- 35 
section having a lower horizontal edgeline 
positioned higher than the upper end of the 
developing agent supplying member. 

37. The developing device as claimed in any one of 40 
claims 34 to 36. 

wherein the blade and the supplemental blade are 
in the form of flexible resin sheet having a thickness 
ranging from 50 to 100 micron meters. 

45 

38. A developing device comprising: 

a developing housing; 

a developing agent container connected to and 
positioned beside the developing housing and so 
formed with an opening in communication with 
the developing housing, the developing agent 
container having a container wall and an inner 
surface defining an developing agent accumu- 
lation space; 55 
a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 



as to detect an amount of the developing agent 
in the developing agent container; 
a cleaning member disposed in the developing 
agent container and movable to a cleaning 
position in sliding contact with the light trans- 
mission window for cleaning the light transmis- 
sion window; and 

a developing agent agitating and transferring 
member disposed in the developing agent con- 
tainer for agitating the developing agent in the 
developing agent container and transfemng the 
developing agent to the developing housing, 
the developing agent agitating and transferring 
member comprising a blade movable with 
respect to the inner surface of the developing 
agent container, the developing agent con- 
tainer having a width extending in a widthwise 
direction of an image recording sheet, and the 
light transmission window having a window 
plane extending in a direction perpendicular to 
the widthwise direction, the developing agent 
agitating and transferring member being posi- 
tioned spaced away from the light transmission 
window by a predetermined distance in the 
widthwise direction. 

39. The developing device as claimed in claim 38. 
wherein the predetermined distance Is In a range of 
from 3mm to 10mm. 

40. A developing device comprising: 

a developing housing; 

a developing agent carrying member disposed 
in the developing housing and having a longitu- 
dinal length extending in a widthwise direction 
of an image recording sheet, the developing 
agent comprising polymerized toners produced 
by polymerization method; 
a developing agent container connected to and 
positioned beside the developing housing and 
formed with an opening in communication with 
the developing housing, the developing agent 
container having a container wall and an inner 
surface defining an developing agent accumu- 
lation space, the opening having a length cor- 
responding to the longitudinal length of the 
developing agent carrying member; and 
a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 
as to detect an amount of the developing agent 
in the developing agent container, the container 
wall of the developing agent container including 
confronting side walls at widthwise ends in the 
widthwise direction, the light transmission win- 
dow being disposed at each side wall to allow 
the detection light to pass through the respec- 
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tive light transmission windows. 
41. A developing device comprising: 
a developing housing; 

a developing agent carrying member disposed 
in the developing housing and having a longitu- 
dinal length extending 

in a widthwise direction of an image recording 
sheet, the developing agent comprising polym- 
erized non magnetic single component toners 
produced by polymerization method; 
a developing agent container connected to and 
positioned beside the developing housing and 
formed with an opening in communication with 
the developing housing, the developing agent 
container having a container wall and an inner 
surface defining an developing agent accumu- 
lation space, the opening having a length cor- 
responding to the longitudinal length of the 
developing agent carrying member, the devel- 
oping agent carrying member carrying thereon 
the developing agerrt supplied from the devel- 
oping agent container into the developing 
housing through the opening, 
a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 
as to detect an amount of the developing agent 
in the developing agent container, the container 
wall of the developing agent container including 
confronting side walls at widthwise ends in the 
widthwise direction, the light transmission win- 
dow being disposed at each side wall to allow 
the detection light to pass through the respec- 
tive light transmission windows; and 
a thickness regulation member disposed in 
confrontation with the developing agent carry- 
ing member to regulate a thickness of a layer of 
the developing agent formed on the developing 
agent carrying member, the thickness regula- 
tion member having a pressing segment 
formed of a rubber pressing against the devel- 
oping agent can-ying member. 

42. A developing device comprising: 
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as to detect an amount of the developing agent 
in the developing agent container; and 
a cleaning member disposed in the developing 
agent container and movable to a cleaning 
position in sliding contact with the light trans- 
mission window for cleaning the light transmis- 
sion window, the light transmission window 
protruding inwardly with respect to the con- 
tainer wall toward a center of the developing 
agent accumulation space. 

43. A developing device comprising: 

a developing housing; 

a developing agent container connected to and 
positioned beside the developing housing and 
formed with an opening in communication with 
the developing housing, the developing agent 
container having a container wall and an inner 
surface defining an developing agent accumu- 
lation space, the developing toner comprising a 
non magnetic single component toner; 
a developing agent carrying member disposed 
in the developing housing for carrying thereon 
the developing agent supplied from the devel- 
oping agent container into the developing 
housing through the opening; 
a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 
as to detect an amount of the developing agent 
in the developing agent container; and 
a thfckness regulation member disposed in 
confrontation with the developing agent carry- 
ing member to regulate a thickness of a layer of 
the developing agent formed on the developing 
agerrt carrying member, the thickness regula- 
tion member having a pressing segment 
formed of a rubber pressing against the devel- 
oping agent carrying member. 

44. The developing device as claimed in claim 43, 
wherein the pressing segment is made of a silicone 
rubber. 
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a developing housing; 

a developing agent container connected to and 
positioned beside the developing housing and so 
formed with an opening in communication with 
the developing housing, the developing agent 
container having a container wall and an inner 
surface defining an developing agent accumu- 
lation space; 

a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 



45. A developing device comprising: 

a developing agent container having a con- 
tainer wall and an inner surface defining an 
developing agent accumulation space; 
a light transmission window provided at the 
container wall to permit a detection light to 
pass through the light transmission window so 
as to detect an amount of the developing agent 
in the developing agent container; 
a cleaning member rotatably provided in the 
developing agent container and performing 
cleaning to the light transmission window at a 
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predetermined cycle; 

a developing agent agitating and transferring 
member rotatably provided in the developing 
agent container for agitating the developing 
agent in the container and transferring the 5 
developing agent; and 

a shielding member movably disposed in the 
developing agent container and shielding the 
light transmission window for a predetermined 
period in timed relation with the predetermined 10 
cycle. 

46. A process cartridge detachably assembled in a car- 
tridge accommodation space of an image recording 
device, the cartridge comprising: 15 

a latent image carrying member; 
a developing agent carrying member posi- 
tioned in confrontation with the latent image 
carrying member; and 20 
the developing device of any one of the preced- 
ing claims, the latent image carrying member 
and the developing agent carrying member 
being disposed in the developing housing. 

25 

47. A process cartridge detachably assembled in a car- 
tridge accommodation space of an image recording 
device, the cartridge comprising: 

a latent image carrying member; and 30 
the developing device of any one of claims 40. 
41 and 43, the latent image carrying member 
and the developing agent carrying member 
being disposed in the developing housing, and 
the developing agent carrying member being 35 
positioned in confrontation with the latent 
image carrying member. 

48. An image recording device comprising: 

40 

means for detecting a residual amount of a 
developing agent; and 

the developing device according to any one of 
the claims .1. 6, and 38 to 45, the detecting 
means detecting the residual amount of the 45 
developing agent accumulated in the develop- 
ing agent container and including a light emit- 
ting element and a light receiving element 
positioned in alignment with the light transmis- 
sion window. 50 

49. The image recording device as claimed in claim 48. 
wherein the detection means further conrprises: 

means for measuring light receiving period of 55 
the light receiving element; 
means for judging whether or not the light 
receiving period exceeds a predetermined 



period; and 

means for alarming consumption of the devel- 
oping agent in the developing agent container 
when the light receiving period exceeds the 
predetermined period as a result of judgment 
of the judging means. 
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FIG. 11 (A) 
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FIG. 14(A) 



FIG. 14(B) 
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